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NOTICE 


The results of the OAST Space Technology Workshop which was 
held at Madison College, Harrisonburg, Virginia, August 3 - 
15, 1975 are contained in the following reports: 


EXECUTIVE SUMMARY 

VOL I DATA PROCESSING AND TRANSFER 

VOL II SENSING AND DATA ACQUISITION 

VOL III NAVIGATION, GUIDANCE, AND CONTROL 

VOL IV POWER 

VOL V PROPULSION 

VOL VI STRUCTURE AND DYNAMICS 

VOL VII MATERIALS 

VOL VIII THERMAL CONTROL 

VOL IX ENTRY 

VOL X BASIC RESEARCH 

VOL XI LIFE SUPPORT 


Copies of these reports may be obtained by contacting: 

NASA - LANGLEY RESEARCH CENTER 
ATTN: 418/CHARLES I. TYNAN, JR. 

HAMPTON, VA. 23665 
COMMERCIAL TELEPHONE: 804/827-3666 
FEDERAL TELECOMMUNICATIONS SYSTEM: 928-3666 
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IIIA (1) 


Title ; Laser Heating of Propellcints 

Objective; Evaluate the OGiv:epts ar^i establish the potential feasi- 
bility of propulsion by direct heating of propellant via a 
laser beam trananitted fron a remote source. 

Description ; The system would contain a laser source and cissociated 

steering system cind an on-^xard thrust system vrfiich would 
receive the laser beam and efficiently convert the beam 
energy to sensible propellant enthalpy. Propellant is 
then expanded to high exhaust velocity. 

JustificaticMi; The unique characteristics of laser light offer the 

potential of efficient trctnsmission of large quantities 
of energy through space. Absorbtion of this enerr^ 
and subsequent ccxiversion into useful propellant <irork 
presents an advanced opticxi for mission capability 
by having a remote energy source and independent con- 
trol of specific inpulse and choice of prcpellant. 

Laser powered systems offer the possibility of specific 
impulse well in excess of 1000 seconds. 
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IIIA (2) 


Title ; Laser and Micrcwave Electric Prcjpulsion 

Objective ; To ocmplete the e^cperimental characterization and conceptual 
design laser cind microwave power treinanissicm cind oonversicn 
in space for primeUY electric propulsion. 

Description; Visible wavelength laser energy and/or microwave beamed 
energy frati an orbiting spacecraft or other remote site 
is transmitted to otlier vehicles (orbiting satellites or 
surface rovers) and is then ccwiverted to electrical energy 
to be Utilized for propulsion. Conc^jtual definition is 
required for proper evaluation of the technology. 

Justification ; Tie proposed teclinology represents cin qppoartunity, 

arxxig oidier applications, to utilize ''mother-daughter” 
vehicle operations at the outer planets, vrfiere solar 
ix:wer is not available. In order to adequately coipaure 
this technology to other systems carried to a Mgher 
level of the state of tlie cu:t, advancement of the 
technology is essential. If the resulting cOTcepts 
prove to be premising, fu.-ther teclmology advanoanent 
can then be recermended. 
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IIIB (1) a 


Title; Auxilieury Electric Prc3pulsion System with tfercury Bombardment 
Thrusters 

Ctojective ; To bring to a state of demonstrated technology readiness 

attitude control and stationkeeping systems for geosyncrcncus 
satellites using mercury bcntjcirdment thrusters. 

Descripticn ; The auxiliaiy electric propulsion program consists of the 

technology demonstration of subsystem elements; integraticai 
of these elements into a system, definition of system 
interfaces, and verification of system perfonrance 
parameters, lifetime and reliability. The major elements 
of an auxiliary propulsion system consist of a thruster, 
power processor, thrust vectoring subsystem, propellant 
suj^ly and distributicn system, and associated structural 
and thermal control elements. North-South stationkeeping 
is recjuired for most geosyncronous satellites and becomes 
particularly important for advanced tluree axis stabilized 
systems in order to improve overall groxond and space 
system costs. 

Justificaticai ; The potential advantages of a high specific impulse 
electric precision stationkeeping system have been 
documented by many studies. In particular, large mass 
savings and iiiproved precision of control for geosynchronous 
satellites may be obtained by use of this technology. 
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IIIB (1) b 


Title ; Solar Electric Primary Propulsion Thrust Subsystem 

Objective ; To bring to a state of tedinology readiness a primary 

solar electric propulsion thrust subsystem vdth mercury 
bcmbardment thnosters. 

Description ; The Primary propulsion sdssystem technology program 

consists of the tedinology demonstration of the several 
key subsystem slements; integration of these elements 
into a representative subsystem; definition of the sub- 
system interfaces; and verification of subsystem per- 
fomance parameters, lifetime, and reliability. The 
major subsystem elements include mercury 30-cm electron 
bcr);ardri'ent thrusters, power processors, thrust vector 
meci-'mians, thrxist s^iDsystem controller, an electrically 
isolated propellant av?ply and distribution system, eind 
appropriately scaled solcu: array system. 

Justification ; ^Jany studies have shewn the benefits— both in terms of 
perfomance and expansion of the NA£A mission set 
capability— of the use of a high specific inpulse, 
liigh performance prqpulsion system. In particular, 
significant payload cind p>erformance benefits accrue 
via use of tliis technology for high energy, performance 
serisitive missions, such as interplanetary transp»r- 
tation for out-of-the eclip)tic arvi cemet rendezvous, 
and low-earth to geosynchronous orbit and on-orbit 
operations for large space systems. Other character- 
istics, such as lew thnist and variability of operating 
perfomance parameters, allow for precision in trajectory 
and attitude control aind increased flexibility in launch 
opportunities for selected missions. 


...NTtmoTf TTY 
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IIIB (1) c 


Title ; Electric Prqpulsicn with Lcw-4tolecular Weight Propellants 

Cfcjective ; To provide the technology for low cost, high specific 
inpulse, Icw-molecular weight propellant propulsion 
systems for transportation and cai-orbit operations for 
very large space systems in near earth envirotment. 

Descripticm ; This technology program would first provide the 
critical element technology for a lowHnolecular 
weight propellant electric bcmbardroent thruster 
propulsion system using the solar electric mercury 
thruster system technology as a baseline. Sufficient 
thrust sub^stem parametric data would be obtained 
to allcw timely-lcw risk technology trcuisfer to very 
large electric propulsicai systems v^ch utilize high 
thrust density MPD electric thruster systems with the 
same light fuels. 

Justification ; The development of the shuttle earth-to-low orbit 
transportation capability will allow the use of 
a very Icu^e space system to satisfy a large variety 
of national requirements and priorities. The tr^Uls- 
portation and on-oi±>it <p>eration of the large space 
systems require very high energy propulsion systems 
and large amounts of prcpellcint. The use of plentiful, 
ci^p, cind inert propellants curated at specific 
impulses between about 3000 and 10,000 sec. will 
significantly decrease costs and the overall envi- 
ronmental inpact over that with chemical systems. 
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IIIB (2) 


Title : Solar Ileated Hydrogen Propulsioi 

Objective : To develop t^ohnology for a propulsion system usiiig solar 
energy to heat stored hydrogen for propulsion of a tug-t^je 
vehicle. 

Description : Conduct conceptual design studies » system trade-off 

studies, and preliminary design of the system. Perform 
tedinology program covering the collector, receiver, 
thrusters, and other system components and ccxiduct 
systems tests tests to bring technology to maturity 
by 1985. 

Justification : Solar heated Ho propulsion provides a low thrust, 

high specific inpulse system suitable for trans- 
porting payloads from low earth odsit to geosynchrcnious 
orbit or escape velocity. The ^stem is relatively 
sinple and would have low development cost coipared 
to oonpeting ap^oaches. 
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IIIB (3) 


Title : Solar Sails 

gajectivet Acquire the technology for space application of very 
large solar sails for interplanetary spacecraft. 

Description : Aluminized nylar solar sails vdth area dimensions 
on the order of lOOGm and a mass of 500-2500 kg 
for space vehicle applications is desired. 

Justification : Solar sails, because no cn-board propellants are 
required, can become very efficient for inner 
solar system ndssions. Solar sail mass, system 
lifetime, deployment reliability, and attitude 
dynamics are key to mission applications. 
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DKFINITION OF TECHNOLOGY REQUIREMENT NO. I-A"(l)a 

1 TIXHINOLOGY REQUIREMENT (TITLE): PAGE 1 OF 

S/C Propulsion Subsystem 

IL TFriIXOLCK'.Y CATEGORY: Propulsion 

:i. OBJECTIVE /ADVANCEMENT REQUIRED; Design, fabricate, assemble, a nd 

test a f lightweight, blovdown bipropellant propulsion subsystem utilizing 

planetary spacecrafts. 

1. CT RRENT STATE OF ART: The feasibility of utilizing a fluorinated 

oxidizer and an amine fuel has been demonstrated in semi -heavyweight system. 
HAS BEEN CARRIF D TO LEVEL _3 

DESC'RIi’TKW OF TECHNOLOGY 

In order to reduce mass, a demonstration utilizing fracture toughness 
techniques of LF 2 contained in Titanium is currently underway. Because 

of the constraint not to purposefully vent LF 2 , thermal control techniques 

need to be demonstrated. Analysis indicates feasibility, but testing has 
not been undertaken. The main driver for this technology is the high 
specific impulse ( % 3700 N-S at % 2700N thrust level). The thrust 

chamber to deliver this spe^ffic impulse is currently in design. However, 
an effort to reduce the mass of the thrust chamber must yet be undertaken. 


p/I. REQUIREMENTS BASED ON: □ PRE-A,D A,D B,D C/D 

RATi< )\AEE AND ANALYSIS: 

a. For high energy missions, specific Impulse is a driving parameter. The 
use of LF 2 /N 2 H^ represents a class of propellants in the non-H 2 category 
which is near the ultimate in chemical specific impulse. 

b. Applicable to mission types M4, 5 

c. The performance can be used in many ways. Increased payload; Increase 
Av ; shorter trip time; eliminate some upper stages; allow use of 
existing non-propulsion hardware. 

d. The very least would be a complete ground-test of a flightwelght system; 
a shuttle experimental flight test would be beneficial if cost-effective. 


TO BE CARRIED TO LEVEL 8 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. I-A-(l)a 


1 . TECHNOLOGY REQUIREMENT(TITLE): F N H S/C PAqE 2 OF J. 

im ^ 

Propulsion Subsystem 

7. TECHNOLOGY OPTIONS: 

i 

a. Externally regulated system 

b. Pump-fed system I 


8. TECHNICAL PROBLEMS: 

LF 2 handling; lightweight, high-performance thrust chamber; materials 
compatablllty; thermal control. 


•J. POTENTIAL ALTERNATIVES: 


Stay with current propellants 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

If current plans come to fruition and NASA Increase the level of support, 
a fllghtwelght, blowdcwn propulsion system will be available by 1980. 
Without NASA resources, this technology will not advance. 


EXPECTED UNPERTURBED LEVE L _3 

11. RELATED TECHNOLOGY REQUIREMENTS: 


None 




nKFINITKW OK TECHNOLOGY REQUIREMENT 


NO. 1-A-la 


TECHNOLOGY REQUIREMENT mTLE^: Fg/N H S/C 


PAGE 3 OK 3 


Propulsion Subsystem 


12. technology RECiUIREMENTS SCHEDULE; 

CALENDAR YEAR 


SCHEDULE ITEM 


TECHNOLOGY 

1. Analysis & Design 

2. Component Dev. 

3. Assembly 

4. Test 


APPLICATION 

1. Design (Ph. C) 

2. Devl/Kab (Ph. D) 

3 . Operations 


USAGE SCMIEDL'LE: 


TECHiNOl.OGY NEED DATE 


NUMBER OF LAUNCHES 


U liEKERENCES; 



LEVEL OF STATE OF ART 

1. iVASir FHEV)\U NA t>Kst HVl D A.M) •lFI't»UTLD. 

2. TIllOrtY KHtMCLAIH) TO DIM K!m i*m NOMf NA. 

3. TilHMi', |^M^n PHN>U'Al I vI>t.HlM^NT 

OK \uint M\nc M Mt»m !.. 

4. PKRll.M \ I H N( noN ou CHAKAt FI mSTU' MFMONSTRATKD, 

I'.O , MAILIUAI , ft \ I <\ 


5. COM»*ONFNT t/R imtAl>l«ARD ILJjTtOlN Hr.LtVANT 
ENVIHOSMFNI IN TIU. UAU)R\1X.»KY . 

«. M0PI:L TtSlU) IN AIRCKAM ^ NVtHONMt NT. 

T. MODEL TES'U l> IN S!»V'F EN\ IHoNMF.N T . 

I. NEW CAPAIUI ITY IK Hi VI 1) I ROM A M'X II Lt.SliEH 
OPERAIIONAL .modll. 

». NEUAWLITY UPORADINC 0^ tiPlRA Iti 'SAI 
10. LIFETIME extension OF AN i>l I lUTION MODM.. 
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DKl'INITlON OK TECHNOLOGY RIXn'UtKMENT 

I-A-(l)b 

1, TKCllNOl.OCiY KEOUIREMENT (TITl.EL Long-Life Hydrazine 
Technology 

_ PAGE 1 OF 

■ 2 . TECHNOLOGY CATEGORY: Propulsion 

.!. OBJEC'J'IVE/ADVANCEMENT RE(JUIKED: Increase th<^ life of 

current 

j hydrazine thrus ters 


1. C’UKKKNT STATK OF ART: Hydrazine systems are ** flying** today but not to 

the new dem and In g duty cycles « 

HAS BEEN CARRIED TO LEVEL 2 


DES(M{II''TI()N OF TEC HN( )L(X"»Y 

As missions become longer in duration and require more massive payloads, 
it becomes imperative to increase the understanding of the physical 
parameters which now potentially limit the life of hydrazine thruster 
catalyst poisoning by impurities in the propellant; large number of pulses; 
variation in catalyst loading methods and mechanlcal/ietalner/preloading 
design; catalyst activity; catalyst breakup, all are typical of the 
problems that limit the life of a hydrazine thrusters. The technology needs 
to be extended so that it ensures a long-life, reliable thrr.ster. 


P/L RKQUIRKMKNTS BASFDON: □PRB:-A,0 A.Q B.Q C/D 
(). UATIONAI.I: AND ANALYSIS; " 

a. Flyby missions of the outer planets demand long-life and hence drive 
this technology. 

b. Applicable to missions Ml, 4, 5. 

c. Provide for higher reliability and long-life. 

d. In order to demonstrate long-life, It will be necessary to run a 
ground based test effort. 


TO B1 (JARRIKD TO LKVKL9&10 
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DEFINITION OF TECHNOLOGY REQUIREMENT 

NO. I-A<l)b 

1 TFCHNOT.OGY REOUIREMENTITITLEI: Long-Life Hydrazine 
Technology 

PAGE 2 OF J. 


7. TECHNOLOGY OPTIONS: 

Heat catalyst bed; purify propellant 


S. TECHNICAL PROBLEMS: 

The catalyst bed is the problem. 


POTENTIAL ALTERNATIVES: 

Seek out other systems at risk of increasing mass and decreasing reliability. 
Cold gas; small bipropellant systems, momentum wheals. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

There are no planned programs to increase thruster life. 

Without NASA resources, the technology will not advance. 

expected unperturbed level 2 

11. RELATED TECHNOLOGY REQUIREMENTS: 

None 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. I-A-<l)b 

1. TECHNOLOGY REQUIREMENT ITITLEL. Long-Life Hydrazine PAGE 3 OF 
Technology 


12. TECHNOLOGY UEQLTUEMENTS SCHEDULE: 

CALENDAR YEAR 


SCHEDULE ITEM 

75 

76 

77 

78 

79 

80 

81 

82 

83 

84 

83 

86 

87 

88 

89 

90 

91 



technology 

1. Analysis/Design 

2. Testing 

3- Design Refinement 

4. Testing 

5. 









L 
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APPLICATION 

1. Design (Ph. C) 

2. Devi/ Fab (Ph. D) 

3 . Operations 






1 















12. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 

















T 

OTAL 

NUMBER OF LAUNCHES 





















14. REFERENCES: 


5 . COMPONFNT OH BREADBOARD TESTED IN RELEVANT 

ENVIRONMENT IN THE lABORAlORY. 

6 . MODEL TESTED IN AIRCRAFT ENVIRONMENT. 

7. MODEL TESTED IN SPACE ENVIRONMENT. 

S. NEvV CAPAllIUTY DLRIVTD FROM A MUCH LESSER 
OPER.\TIONAL MODLL. 

•, RELURILITY upgrading of an opera rii 'NAL model. 
10. LIFETIME EXTENSION OF AN OI LRATION VL MODEL. 


15. LEVEL OF STATE OF ART 

1. BASIC PHENOMENA OlvSERVED .ND REPORTED. 

2. THEORY FORMULATED TO DEStTH BE I»HFNOMF.NA. 

3. THF(Rn ThSTKD DY PHYSICAL F.NPERIMENT 

OK MAIIIKMATICAL MODEL. 

4 . PERTINENT H N( TiON OR CHARACTERISTIC DEMONSTRATED, 

E.C. . MATERLU., CO^*P^^K^T, ETC'. 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. I-A-(l)c 

1 . TECiu\OLOGY REQUIREMENT (TITLE): Long-Life Earth PAGE 1 OF 

: storable B ip ropellant Technology 

1 . TECilNOLOGY CATEGORY; Propulsion 

OBJECTIVE/ ADVANCEMENT RKOlITREDr Increase the life and performance 
of earth-storable bipropellant propulsion system 


! 4. CURRENT STATF] OF ART; Earth-storable bipropellant systems are "flying” 
today, but mission of the future will. In all probability, push them up against 

rh. '»rod.v«» HAS BEEN CARRIED TO LEVeTl. 

o. DESt'RIl’TION OF TECHNOLOGY 

Systems studies will be Initiated to Identify Items that limit the life 
of the propulsion system. Redesign of these Items, which In all probability 
Include the soft-seat valve and current design materials, will take place. 
Engine technology will be undertaken to permit the use of N 2^4 ® fuel 

in a bipropellant engine. After testing at the component level, a system 
will be assembled and tested to verify design adequacy, determine 
subsystem Interaction, and most Importantly, technology readiness. 


P/L REQUIREMENTS BASED ON: □ PRE-A.Q A.Q B.Q C/n 
G. RATH ».\A1.K AND ANALYSIS; 

a. Missions to the outer planets is the driving technology 

b. Mission Al, 4, 5 would benefit from this technology 

c. This technology would improve reliability and/or lifetime 

d. Ground verification tests 


TO BE CARRIED TO LEVEL^J^Oj 


'{ 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


1 . TECHNOLOGY REQUIREMENT(TITLE): Long-Life Earth - 

Storable Bipropellant Technolo 


7, TECHNOLOGY OPTIONS; 


PAGE 2 OF J. 


8. TECHNICAL PROBLEMS; 


Thrust chamber materials and combustion instability 


POTENTIAL ALTERNATIVES: 


Leave alone and accept the risks and lower performance and flexibility 
of currently used earth-storable propulsion systems. 


10. PLAKNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

There are no planned programs and without NASA resources, the technology 
would not advance. 


EXPECTED UNPERTURBED LEVEL _3^ 


11. RELATED TEC ilNOLOGY REQUIREMENTS: 





DEFINITION OF TECHNOLOGY REQUIREMENT 

NO. I-A-(l)c 

1 TECHNOLOGY REQUIREMENT (TITLE): Long-Life Earth - 

_ PAGE 3 OF _1_ 

Storable Blpropellant Technology 


12. TECHNOLOGL REQUIREMENTS SCHEDULE: 


CALENDAR YEAR 



SCHEDULE ITEM 


TECHNOLOGY 

1. Analysis & Design 

2. Component Dev. 

3 . Assembly Test 

4. System Test 

5. 


APPLICATION 

1. Design (Ph. C) 

2. Devi/ Fab (Ph. D) 

3 . Operations 

4. 


. USAGE SCHEDULE: 


TECHNOLOGY NEED DATl- 


NUMBER OF LAUNCHES 


14. REFERENCES: 



R ■■■■■■■■■■ ■■ ■■■■ 

HnniHimin 


15. LEVEL OF STATE OF ART 


1. BASIC PHK. ■iMtNA OKSERW P AND HE PORTE D. 

2. THEORY K-.'KMri^Tn) TO DESCRIBE Plil NOMFNA. 

3. THEOIV TESTED BY PHYSICAL EN PL HI ME NT 

Oit .MATHEMATICAL MODEL. 

i PERTINENT UNCTION OR CHARACTERISTIC DEMONSTRATED, 
E.C., MATERIAL. CO>’ PON ENT, ETC. 


5 . COMPONENT OR BREADBOARD TESTED IN RELEVANT 

ENVIRONMENT IN THE LABOR\lX.)RY. 

6. MODEL TESTED IN AIRCRAI-T t NVIRON.MF NT, 

7. MODEL TESTED IN SPACE ENVIRONMENT. 

8 . NEW CAPAHILITY DLRIVTD FROM A MUCH LESSER 

operational MODLL. 

8. RELIABILITY UPCRADING OF \N OPERATH WAL MODEL. 
10. LIFETIME EXTENSION OF AN OI L RATION O. MODh L. 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. I-A-(l)d 


1. TECHNOI-OCY REQUIREMENT (TITl.E): Advanced PAGE 1 OF _L 

Launch -Ve hicle Engines Using High Density Fuel and Oxidizer Propellants 

2. TECHNOLOGY CATEGORY: Propulsion 

3. OBJECTIVE/ADVANCEMENT REOtllREn- Conduct the technology needed to 
permit the development of high performance, high pressure, (4000 Pc) reusable 

rocket engines using high density fuel and oxidizer propellants. 


4. CUURPJNT STATC OF ART: Technology for high density fuel (hydrocarbon and | 

amine) and liqui d oxygen propellant combinations has been carried only to | 

moderate pressures (1000 psi) HAS BEEN CARRIED TO LEVEL j 

' ■' ’ — ■ ~ ' — H 

5. DESIMHPTION OF TECHNOLOGY 

The technology needed includes a survey and characterization of promising 
hydrocarbon fuels that offer higher density-impulse than RP-1 with LOX, the 
acquisition of heat transfer data and thermal decomposition data, techniques 
for regenerative cooling with liquid oxygen, improved modeling of the 
combustion process and chamber gas dynamics at high pressure so that combus- 
tion instability can be avoided and energy release efficiency (performance) 
maximized, a search for high temperature resistant materials so that turbine 
temperatures can be raised and/or low cycle fatigue life extended, and 
development of composite or filament wound components and interconnects to 
minimize engine weight. Finally, engine system studies are needed to 
evaluate performance, engine weight, cooling limits, variations in the engine 
cycle, boost pump drive techniques, and development risk. j ] 


P/L REQUIREMENTS BASED ON: □PRE-A,D A,Q B,D C/D 
(). I^ATlONAl E AND ANALYSIS: 

a. The requirement for a high density propellant, high performance, high 
pressure engine is based on analyses which have been performed for a 
single-state-to-orbit vehicle concept. The critical parameters which 
drive the technology are high density impulse at lift-off and high stage 
mass fraction. 

b. This advanced engine is part of a system which will enhance the Earth 
to Low-Earth-Orbit transportation capability by reducing recurring cost 
and possibly improving reliability. 

c. Advances in high density propellant engine technology may enable the 
development of siiigle-state-to-orbit launch vehicles, thus reducing 
recurring launch costs over two-stage systems. 

d. Component and major subsystems tests (with subscale hardware as a minimuni), 
are needed to demonstrate technology readiness. 


TO BE CARRIED TO LEVEL 5 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. I-A-(l)d 

1. TECHNOLOGY REQUIREMENTfTITLEl: Advanced Launch PAGE 2 OF 

Vehicle Engines Using High Density Fuel and Oxidizer Propellants 

7. TECHNOLOGY OPTIONS: 

None 


8. TECHNICAL PROBLEMS: 

Oxide coating on the coolant side of the combustor wall and/or unacceptable 
wall damage from small leaks may prevent cooling with oxidizer. Combustion 
stability comprimizes that may be required with some of the as yet 
uncharacterized hydrocarbon fuels may prevent obtaining sufficient performance. 


9. POTENTIAL ALTERNATIVES: 


None 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

Survey of potential high density fuels currently underway, RTOP 506-21-xx. 
Investigation of supercritical oxidizer cooling currently underway, RTOP 
506-21-11. High density fuel engine study currently underway, RTOP 
506-21-xx. The proposed advancement would not occur without NASA resources. 
The state-of-the-art as described in item 4 would not change. 

EXPECTED UNPERTURBED LEVEL _2 

11. RELATED TECHNOLOGY REQUIREMENTS: 

Materials research for higher temperature turbine and combustor materials. 
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ORIGINAL PAGE IS POOR 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. I-A-(l)d 

1. TFCIINOl (K;V REQUIREMENT mTLEI; Advanced Launch PAGE 3 (>F _3_ 

Vehicle Engines Using High Density Fuel and Oxidizer Propellants 


12. TECHNOIXAIY REQUIREMENTS SCHEDULE: 


CALENDAR YEAR 



TECHNOLOGY NEED DATE 







r* 










T 
— I 

I 

OTAL 

NUMBER OF LAUNCHES 

















J 



H. REFERENCES: 


Gregory, John W. , "Propulsion Technology needs for Advanced Space Transporta- 
tion Systems." AIAA/SAE 11th. Propulsion Conference, Anaheim, CA, Oct. 1975. 


15. LEVEL OF STATE OF ART 

1. iVASir PHKNOMtNA OaSFUVl.n AM) nFIX>UTKD. 

2. TJIFOHY TO DKS( KIliF PHI NOMFNA. 

3. THKou'i 11-srn) phn^h'ai, fxpkuimknt 

OH MAIMKMXTICAL Mum I.. 

4 . PKKriM N r H NC TlUN OH OlARAC TEHISTIC DFMONSTRATED, 

E.G.. MATtUlAl.. 0‘>'PO\KNT, FTP. 


5. COMPONFNTOn nUEAD BOARD TFSTF D IN RF.l.tVANT 

ENVIRONMFNI IN TM. LA!«)RAl't >KY . 

6. MODEL TEST F.l) !N AIRCRAFT FNVIRONMFNT. 

7. MODEL TESTED IN S!*A(’F ENMRONMFNT. 

8. NEW CAPAIUUTY DI.RUT.D FROM A MPCIt LESSER 

OPERA! ION A I- MODEL. 

9. RELLAWLIT> Upr.RADINC 0» AN OPERA TH ’NAI MODEL 
10. LIFETIME EXTENSION OK AN OPl lUTlON O. MODF L. 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. l-A-(l) e 

1, TKCUNOl .OGY REQUIREMENT (TITLE): Advanced Launch Vehicle PAGE 1 OF _i_ 

Engines Using Hydrogen and Oxygen Propellants 

2 . TECHN( )LOGY CATEGORY: Propulsi on 

OBJECTIVE/ADVANCEMENT REOIITRED- Improve the technology now being 

used in the development of high performance, high pressure, reusable rocket 
engines using hydrogen and oxygen propellants. 

J. Clj HRENT STATE OF ART; T echnology currently exists and is being used for 

the development of a high performance, high pressure H.-O engine (SSME) . 

HAS BEEN CARRIED TO LEVEL 2 


DESCRIPTION OF TECHNOLOGY 

The technology is needed for the future uprating of the current Space 
Shuttle Main Engine (SSME) and development of a high performance engine for 
a single-stage-to-orbit vehicle, and/or a heavy-lift vehicle. The 
technology is also applicable to a dual-fuel engine for a single-stage-to- 
orbit vehicle. 

The technology improvements needed are materials research to permit 
increased turbine temperature and extended low cycle fatigue life for 
combustor components, extendible nozzles to better optimize performance, 
improved long life bearings and seals, and development of composite or 
filament wound components and Interconnects to reduce engine weight. 


P/L REQUIREMENTS BASED ON: □ PRE-A.Q A.Q B.Q C/D 
<i. rationale AND ANALYSIS: 

a. The requirement for high performance, high mass fraction, reusable stages 
for the Shuttle, and future single-stage-to-orbit and heavy life 
vehicles has been established. 

The technology for propulsion system improvement for these vehicles falls 
into three broad catagorles: performance Improvement, weight reduction, 

and longer lifetime. Performance can be Increased by raising chamber 
pressure (and area ratio) and by use. of of two-position nozzle. This 
implies Increased turbine inlet temperature which is now limited by 
materials; a translatable nozzle skirt and materials research to reduce 
engine weight and provide longer life. 

b. Technology is applicable to SSME performance Improvement, weight 
reduction, and life extension and to the development of advanced 
hydrogen-oxygen and/or dual-fuel engines for single-stage-to-orbit or 
heavy lift vehicles. 

c. Advances in hydrogen-oxygen propulsion technology will result in payload 
enhancement and reduced recurring cost through extended engine life. 

d. Major subsystems testing is needed to demonstrate technology advancement. 

TO BE CARRIED TO LEVEL 5 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. I-A-(l)e 

1. TECHNOLOGY REQUIREMENT(TITLE): Advanced Launch Vehicle PAGE 2 OF J. 
Engines Using Hydrogen and Oxygen Propellants 

7. TECHNOLOGY OPTIONS: 

An option to devexoplng higher temperature resistant materials for turbines 
Is to devise viable turbine blade cooling techniques. 


8. TECHNICAL PROBLEMS: 

Development of higher temperature materials for turbine or turbine blade 
cooling techniques are major obstacles to Improving specific Impulse of 
staged combustion cycle engines. 


U. POTENTIM. ALTERNATIVES: 


None. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

Thrust chamber heat transfer and cooling currently underway. RTOPS 506-21-11 
and 790-40-12. The proposed advances would not occur without NASA sponsor- 
ship. The state-of-the-art as described In Item 4 would not change. 


EXPECTED UNPERTURBED LEV EL 2_ 

11. RELATED TECHNOLOGY REQUIREMENTS; 

Significant Improvement In performance for staged combustion cycles Is 
dependent upon development of higher temperature turbine materials or viable 
turbine blade cooling techniques. 
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DEl-'INITION OF TECHNOLOGY REQUIREMENT 


1 . TECHNOLOGY REQUIREMENT (TITLED; Advanced Launch Vehicl e PAGE 3 OF J_ 
Engines Using Hydrogen and Oxygen Propellants. 


13. TECHNOLOGY RECiUTREMENTS SCHEDULE; 
CALENDAR YEAR 


SCHEDUJ.E ITEM 


TECHNOLOGY 

1. Thrust Chamber Coolln( 

& Performance Predict. 
Turbomachinery 

3. Extendible Nozzle 

Aerospike Sys. Demon. 

5 ^ ASE Sys. Demon. 


APPLICATION 


1. Design (Ph. C) 

2. Devl/I'ab (Ph. D) 

3 . Operations 


USAGE SCHEDULE: 


TECHNOLOGY NEED DAT 


NUMBER OF LAUN(T1ES 


ll REFERE.NCES: 




*SSME Uprating **Single-stage-to-orbit 

heavy lift vehicle 

Gregory, John W., "Propulsion Technology Needs For Advanced Space Transporta- 
tion Systems", AIAA/SAE 11th. Propulsion Conference, Anaheim, CA, Oct. 1975. 




15. LEVEL OF STATE OF ART 


1. IV\Sir PHKNuMkNA AM) *IF IX »in K f). 

2. M) m N( KMIF JMII NOMKNA. 

3. THHHa IMI\ I \ PKKIMFNT 

OH MAim MXnC AI Mnj)| 1.. 

4. Pt-HUMN! H N( noN OK riiAIU( TMUSTir It) MONSTRATKD, 

r.G., MATHilAl . FM. 


5. COMiONFNTOn aRtADfOAKP ILMKOIN HKI.t-VANT 

ENVIHOSMFNI IN TIU. LAUnRAlOHY. 

6. MOOKL TtSlUi IN AlRCHAn ) SVIHONM) NT, 

7. MODFL TF.Sn P IN Sr.NtT F.NVIRoNMFM . 

B. NtW CAPAmi.irV lU.HiVU) MH)M A M'VII U.b^SKH 
OPERA! ION A 1. MODtL. 

9. RtUAHlUTN UPOKAJIIV: t)) A^, OPF RA fit ’NAl MOPtL. 
10. LIFETIME EXTENSION OF AN 01 I RATION vL MOO) L. 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. I-A-(l) f 

1. TECHNOLOGY REQUIREMENT (TITLE): Penslflcatlon of PAGE 1 OF 3 

Cryogenic Pr opellants By Use of Slush or Triple Point Fluid 

2. TECHNOLOGY CATEGORY: Propulsion 

OBJECTIVE/ADVANCEMENT REOUTRED; (a) Produce triple point and/or two 

phase solid-liquid (slush) LH^ and LO^ (b). Establish ground based transfer 

an d loading capability, 

L ("UKUKNT STATP: OF ART: The feasibility of using the freeze-thav process 

to produce solid H has been evaluated, 

HAS BEEN CARRIED TO LEVEL l_ 

j. DESC’RII‘TION OF TECHNOLOGY 

Perform trade-off studies of various vehicles to determine benefits to be 
obtained by use of slush or triple point cryogens and utilize results to 
guide experimental work. Establish the techniques for producing, trans- 
ferring, loading, and storing high density cryogenic propellants In ground 
based facilities. Maximum density Increases can be obtained only through 
Improvements In handling procedures and hardware that significantly reduce 
system heat losses. 


P/L REQUIREMENTS BASED ON: □ PRE-A.Q A,Q B.Q C/D 
<> RAT1< >NAI.F AND ANALYSIS: 

Future launch and space vehicles can benefit by increasing propellant density. 
Substantial increases in stage AV occur by loading more propellant into a 
constant volume vehicle, such as stages constrained by the shuttle cargo by 
size* 

The technology must be advanced to the point that mixtures of solid-liquid 
hydrogen in excess of 30% by weight solid can be reliablv loaded and 
maintained in a launch vehicle during the launch count-down procedure* This 
is also required in the case of triple point oxygen. 

The use of slush or triple point cryogen also assists in storage of the 
cryogen in space for longer periods without excessive boil-off. 


TO BK CARHIKD TO LKVEL ± 
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DKl INITION OF TECHNOLOGY REQUIKEM E N'T 


NO. I-A-(l)f 


1 . TECHNOLOGY HP'.yUIREMENT(TITLE): Denslflcatio n of PAGE 2 OF J. 

Cryogenic :'ropellanis By Use of Slush or Triple ?o* f Tluid 

7. TECHNOLOr TIONS: 


y . TEC HNIC AL PROBLEMS: 


Principal problems are i elated to manufacture, storage, and transfer of 
slush or triple point cryogen. The cryogenic system must be carefully 
designed to prevent heat leak into the system. 


U. POTENTIAL ALTERNATIVES: 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 
There are no programs in NASA currently directed at this problem. 


EXPECTED UNPERTURBED LEVEL _3 

11, RELATED TECHNOLOGY REQUIREMENTS: 


High density hydrocarbon propellant manufacturing and characterization. 






DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 


1 . TECHNOLOGY REQUIREMENT Denslf icatlon of 1>AGE 3 OF _J_ 

Crvoaenic Propellants By Use of Slush or Triple Point Fluid 


12. TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 


SCHEDULE ITEM 


TECHNOLOGY 

1. System Definition 

2. Hardware Design 

3. Test Demonstration 


APPLICATION 

1. Design (Ph. C) 

2. Devi/ Fab (Ph. D) 

3. Operations 



TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 
11. REFERE.NCES: 


■■■WllMllllllliM 


Suggested new category under 1.0 Low Cost Earth-to-Orbit Transporation in 
"Space Experiment Op^-orLunities to Support the Outlook for Space Technology 
Recomnendations" 


15. LEVEL OF STATE OF ART 


1. flASK” PHUNoMk NA OIISJHVH) \ND MK I’olU t D. 

2. TltKOHY IM) TO m M K:li^ 

3. THMXi'i r^ siM) !J\ J \m K1M^.NT 

Oh M\nu M\Tti\u Mom 1.. 

4. PthllM sr H V rn)N t »lML\t rf lUSTir 1 )} MONSTRATFO. 

E.G . MATH(L\L, K!G. 


5. COM;ON» NT UH maAl>W.>AKn I k MLD IN Ht.U VANT 
ENVIHONMI'NI tN T:U LAH* >K\1'UHY . 

4. llorntTLS^lDlN AIRtKAM tNVIHoSMfSl. 

T. MOUI L TFSTI I’ iS S!’A( ^ tNVIhoNMJNI 

I. NIW CAPAJUl ITY in HI VI D U’oM A M SiFR 

operational model. 

». IJ.LIABII.ITY JPGltxmsC ANOpt RAiH'NM MOOtl-. 
10. UKKTIMI. I XT! NSION Ol AN OI I RATION vL MOl)^ I . 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. I-A-(l) g 

1 . TECIINOIX'GY REQUIREMENT (TITLE): High Chamber Pressure PAGE 1 OF ±_ 

H^/O^ Space Engines 

1 . TErilN01,0(-Y CATEGORY: Propulsion 

OBJECTIVE/ADVANCEMENT REC^IITRED: High performance, light weight 

compact sized engines for advanced space vehicles through Increase of chamber 

pressure to 2000 psla. 

[ C'UKRFNT ST^TF C)F ART* development in progress, including main 

turbopumps, prebumer, thrust chamber assembly engine preliminary design and 

boost pump drive. HAS BEEN CARRIED TO LEVEL 4 

5. DFSCRH^TION OF Tl*:CHNOLOGY 

Technology program has been in progress at the Lewis Research Center since 
1972 to develop technology for high performance hydrogen-oxygen engines 
suitable for advanced space vehicles, such as Space Tug. Efforts are aimed 
primarily at staged combustion cycle engine (ASE) of 20,000 pounds thrust 
but program also includes aerospike thrust chamber program previously funded 
by Air Force. Basic component technology on tuibopump bearings and seals, 
injector design, thrust chamber cooling and chamber cooling and chamber 
thermal fatigue life is also applicable to other types of engines in this 
thrust class, such as expander cycle engines. Work to be carried through 
systems level testing of breadboard engines. 


P/L REQUIREMENTS BASED ON: OPRE-A.n A,D B,Q C D 


(; KA I !' »\.M,F AND ANAI VSIS: 

(a) Chamber pressure increase to 2000 psia for staged combustion engine 

or 1000 psla for aerospike or expander /bell engine necessary to provide 
high specific impulse with minimum engine size and weight. Large 
expansion ratio nozzles are necessary to obtain high Isp and these 
become bulky and heavy at low chamber pressure. 

(b) Engines applicable to upper stages like Centaur, lUS, Space Tug, and 
future vehicles for transfer from low earth orbit to geosynchronous 
orbit, to the moon or to escape velocity. Also applicable to vehicles 
for lunar landing and/or takeoff. 

(c) See Page 4. 


kepbopucbiuw 0^^ 

ORWINAL PAGI IS POOR 


TO BE CARRIED TO LEVEL ^ 


I 

J 

1 


i 






68 




I 


I 


DEFINITION OF TECHNOLOGY REQUIREMENT 

NO. I-A-(l)g 

1 TFCHNOT.OGY REOIIIREMENT^TITLEI; High Chamber Pressure 
H,^/ 0^ Space Engines 

_ PAGE 2 OF _i 


7. TECHNOLOGY OPTIONS: 


An option to the use of a two position nozzle on the ASE is to pivot or 
swirg the entire engine 90° for stowage in the shuttle cargo bay. This 
would reduce the stowed stage length by about two feet. An option to the 
aerospike is a plug cluster nozzle arrangement using a multitude of discrete, 
round- throat chambers exhausting onto a central plug nozzle. This gives a 
very short engine length and could make use of Shuttle APS thruster ^ 2^ ^2 
technology. 


8. TECHNICAL PROBLEMS: 

For small staged combustion engines the primary technology problems are 
chamber life, turbopump bearings and seals life, turbopump fabrication and 
system control. For the aerospike engine the primary technology problems 
are thrust chamber Integrity and life. 


D. POTENTIAL ALTERNATIVES: 

The alternative to using an advanced engine is to use a lower performance, 
existing state-of-the-art engine. For the Space Tug the alternative to 
using the ASE or aerospike is to use the RLIO cat. IIB, a modified existing 
engine which operates at 400 psia chamber pressure and consequently delivers 
lower Isp and is larger and heavier than the advanced engines. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

RTOP 506-21-11 '‘Advanced Liquid Rocket Systems Technology” 

RTOP 910-83-03 “Advanced ^ 2^ ^2 Component Technology” 

Unperturbed Program - technology will not advance without NASA resources 

EXPECTED UNPERTURBED LEVEL ± 

11. RELATED TECHNOLOCIY REQUmEMENTS: 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO.I-A-(l)g 


1 TECHNOLC'GY REQUIREMENT ^TTTLEL Cha mber Pressure PAGE 3 OF Ji — 

H /O Space Engines 

i 2 .,—,.::. ' ' ■ ■— — = - 

12. TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 


SCHEDULE ITEM 

TECHNOLOGY 

1, Component Technology 

2 , Breadboard Engine 
Program 

3, 


'5 76 77 7b 79 80 811 S2 831 34 85 86 87 88 89 90 91 


I APPLICATION 

1. Design (Ph. C) 

2. Devl/Fab (Ph. D) 

3. Operations 


(Cl / ID] 


13. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 
NUMBER OF LAUNCHES 


TOTAL 


14. REFERENCES: 

1) Zachary, A.T.: Advanced Space Envine Technology, 1974 JANN\>’’ Propulsion 

Meeting, San Diego, CA, Oct. 1974. 

2) Huang, D.H.: Aerospike Engine Technology Demonstration for Space Propul- 

sion, AIAA Paper No. 74-1080, AIAA/SAE 10th Propulsion Conference, San 
Diego, CA, Oct. 1974. 

3) Gregory, J.W. : Propulsion Technology Needs for Advanced Space Transpor- 

tation Systems, AIAA/SAE 11th Propulsion Conference, Anaheim, CA, Oct. 
1975. 


15. LEVEL OF STATE OF ART 

1. BASIC oust RV't D AND HFIXlRTED, 

2. TIIFORY KikmcIjVTFI) TO DFSrillHF IMD NOMFNA. 

3. THFOIl^ TFSIFD BY PinsICAl. FXPtKIMLNT 

OK MAlllFMATlCAL MODKI,. 

4 . PFHTIM NT K NCTlON OK CHAKACTF RISTIC DFMONSTRATED, 

R.o. . matfuial. co>*po\knt, etc. 


5. componfnt or breadboard tested in relevant 

ENVIKONMFNT IN THE LARORMXJRY. 

6. MODEL TESTED IN AIRCRAtT ENVIRON>D NT. 

7. MODEL TESTED IN SPACE ENVIRONMENT. 

8 . NEW CAPABILITY m.Rl\i:D FROM A M'JCII LESSER 

operational model. 

f. ri:liability UPC,RADINC of an opera picnai model. 
10. lifetime extension of an ori . ration vL mod» l. 
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DKFINITION OF TECHNOLOGY RF:QU1RFMENT 


NO. I-A-(l)l 


1 TECHxNOl.OGY REQUIREMENT (TITLE); Tank He’d Idle and Exte n-RAGE 1 OF _3_ 
dlble No zzle f or Low to Moderate Chamber Pressure Hydrogen-Oxygen Space Engine s 

! 1 . TFCHNOLOIiY CATEGORY: Propulsion 

;i. OBJECTIVE/ ADVANCEMENT REOUTRED; Provide the technology for Increasin g 
the performance of low to moderate chamber pressure, bell nozzle, cryogenic spa ce 

engines . 

1. ( L J^RENT STATE OF ART: Most of the technology is in hand; however idle 

mode oper ation and performance of extendible, high area ratio nozzles have not 
been d^nstrated. HAS BEEN CARRIED TO LEVEL 

5. DESl'RIPTION OF TECliNOLOGY 

Tank head idle mode operation makes propulsive use. of the propellant used 
for engine chilldown prior to restart after long coast periods. Previous 
tank l-.aad idle work resulted in unacceptable mixture ratio anu chamber 
pre'jsur.i excursions due to the injection of two-phase oxygen into the 
combustor. The plan is to control these excursions by vaporizing the 
oxygen in a hydrogen-oxygen heat exchanger prior to injection, thus 
avoiding the need for a closed loop engine control system. 

Maximum performance of a space engine operating in a hard 
vacuum can be obtainud only with large area ratio nozzles. 
Because these nozzles are necessarily long, they must be 
j built in two parts for stowing in the Shuttle cargo bay. 

I Therefore, the technology is needed to analyze, select, 

and demonstrate the minimum weight nozzle design, translating 
mechani sm, C/D 

(E RA rioNAEF AND ANALYSIS: 

a. High area ratio nozzles are required to maximize the performance of 
space engines operating in hard vacuum. Tank head idle mode reduces 
vehicle weight. 

b. Engines for upper stage vehicles operating in space. 

c. The payload requirements for the Space Tug require maximizing 
performance and mass fraction. This is obtained by optimizing the 
nozzle area ratio on the basis of specific impulse and nozzle weight, 
and making propulsive use of chilldown propellants by idle mode 
oepration. 

d. System level testing of a flight weight extendible nozzle to demonstrate 
performance, nozzle translation and idle mode operation. 


TO BE CARRIED TO LEVEL 1 ^ 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. l-A-(l)i 

1 . TECHNOLOGY REQUIREMENT^TITLEu Tank Head Idle and Exten- PAGE 2 OF 
dible Nozzle for Low to Moderate Chamber Pressure Hydrogen-Oxygen Space Engines 

7 . TEC HNOLOGY OPTIONS: 

Other nozzles options for attaining maximum performance consistent with the 
chamber pressure are aerospike and plug nozzles. 

The proposed method for tank head idle operation is to vaporize the oxygen 
prior to injection under tank head and use an open loop engine control 
system. An option is to use a closed loop engine control system with | 

mixed phase oxygen injection. ! 


8. TECHNICAL PROBLEMS: 

Distortion of a light, flight-weight nozzle during repeated thevmal cycling 
may cause alignment, translation and - ealing problems. 


D. POTENTIAL ALTERNATIVES: 

One piece nozzles could be used, resulting in a drastic reduction in payload 
length on Shuttle flights. Settling rockets or APS thrusters could be used 
in place of tank head idle but with an attendant weight penalty. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

Heat exchanger design for vaporizing liquid oxygen in progress, NAS 8-31151, 
$155 K. The proposed advancement would not occur without NASA resources. 

The state-of-the-art as described in item 4 would not change. 

EXPECTED UNPERTURBED LEVEL ^ 

11. RELATED TECHNOLOGY REQUIREMENTS: 

None. 


} 
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. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 


14. REFERENCES: 


15. LEVEL OF STATE OF ART 

1. UASir PHKNOMLNA OlVSt HVV I) .AND HFPOKTtiD. 

2. TIIFOHY hOHMriw\Tn> TO I)KS('K!BK PHI NOMFNA. 

3. THFOIO TISI FI) nv PlhMOAl. IXPKKIMf NT 

OK M \lHFMATirAl. MOPI 1,. 

4 . PKHTIM MU N('TlON OK niAKAt. rtlllSTir DFMONSTRATED, 

F.C.. MATKKIAL. (U>'PO\INT. FIT. 



DEFINITION OF TECHNOLOGY REQUIREMENT NO. I-A-(l) 


1 . TECHNOLOGY REQUIREMENT ITITLEI; '^^nk Head Idle and Ext eiH>AGE 3 OF J_ 
dible Nozzle for Low to Moderate Chamber Pressure, Hydrogen-Oxygen Space Engines 


13. TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 


SCHEDULE ITEM 


TECHNOLOGY 
1. Tank head idle heat 
exch . 

"* Nozzle anal.;des. & f£ 

3. Nozzle & tank head Idle 
. demon . 


APPLICATION 

1. Design (Ph. C) 

2. Devi/ Fab (Ph. D) 

3 . Operations 


5 . COM»*ONFNT OR aREAPBOARD TESTED IN RELEVANT 

ENVIRONMENT IN THE LAI«RATORY. 

6. MODEL TESTED IN AIRCRAFT F NVIRONMF NT. 

1 . MODEL TESTLP IN SPACE ENVIRONMENT. 

8, NEW CAPAKILITY DPRIVTID FROM A MUCH LESSER 
OPERA! lONAL MODLL. 

8. RELIARILITY UPC, RAPING OF AN OPERA rii'NAI. MODEL. 
10, LIFETIME EXTENSION OF AN OI L RATION O, MODF L. 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. I-A-(l) l 

J . TECHNOLOGY REQUIREMENT (TITLE): Small Main and PAGE 1 OF 

Auxiliary Propulsion Systems 

1 . TECHNOLOGY CATEGORY: Propulsion 

OBJECTIVE/ ADVANCEMENT REOIITRED: Small high performance H^/O^ engines 
and systems for attitude control, apogee kick stages, and planetary retro stages . 


1. C'UJ^UENT STATF: of ART: 1500 pound thrust thrusters ha ve been 

extensively tested for performance and life; APS system design and trade-off 
s tudy completed for LH2/L0X APS system for tug, HAS BEEN CARRIED TO LEVEL3^ 

DKSCUIPTION OF TFCIINOLOGY 

1. Development of technology for LH2/L0X APS system for tug Including 25 
pound thrust engines, small cryogenic pumps, accumulators, controls, 
and refillable tanks. After component technology is completed, systems 
testing will be performed to evaluate control requirement and measure 
heat input effects to thrusters and feed lines. 

2. Develop technology for small thrust cryogenic engines of 300-3000 pounds 
thrust suitable for use on apogee kick stages and planetary retro stages. 
Perform vehicle/propulsion system studies to guide technology program 
and complete system preliminary design. 


P/L REQUIREMENTS BASED ON: QPRE-A.n A,Q B,D C/D 
(i RA'MnXAEE AND ANALYSIS: 

(a) Sraall thrust cryogenic engines must be specially designed for accurate 
thermal control so that rapid start-up is achieved with cryogenic 
propellants entering a warm engine. For tug attitude control, impulse 
bits of about 1.0 lb-secs, are required, which necessitates rapid 
thrur’t build-up and tail-off. Long life is also necessary since the 
thrusters must be capable of 200,000 firings. For small kick stage 

or planetary retro stages the primary emphasis is on high performance, 
light weight, and reliability. 

(b) For attitude control of space vehicles, such as space tug, or larger 
orbit transfer vehicles or lunar vehicles. Main propulsion engines 
for apogee kick stages or planetary retro stages. 

(c) See Page 4. 


TO BE CARRIED TO LEVEL 5 


I 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. I-A-(l)i 


1 . TECHNOLOGY REQUIREMENT^TITLE^: Small H~/0^ Main and PAGE 2 OF _4 

Auxiliary Propulsion Systems 
7 . TEC HNOLOGY OPTIONS: 

Principal option In cryogenic APS for tug Involves degree of Integration 
with other on-board systems, such as R2^®2 cell supply system, and use 

of separate, dedicated tanks for the APS propellant, main tank, propellants, 
or reflllable tanks. Systems study done by Rockwell under Lewis' contract 
NAS3-18913 showed that use of reflllable tanks (from main tank propellants) 
results In the best system design. 


8. TECHNICAL PROBLEMS: 

Development of high performance, fast response, long life light weight 
thrusters, small cryogenic pumps, accumulators, and controls. Evaluation of 
system level control problems and effects of heat Input Into various 
components and parts of the system. 


y, I’OTENTIAL ALTERNATIVES: 

Alternative to use of cryogenic APS for Tug is use of earth storable •■'r 
monoprop-hydrazine systems with their poorer performance, greater weight, and 
life and handling problems. For apogee kick stages, alternatives are solid 
propellants or higher bulk density liquid propellants. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

RTOP 506-21-11, "Advanced Liquid Rocket Systems Technology" 

Unperturbed Program - Technology will not advance without NASA resources. 

EXPECTED UNPERTURBED LEVEL3&4 

11. RELATED TECHNOLOGY REQUIREMENTS: 

Long term cryogenic propellant storage; lightweight composite, vacuum- 
jacketed feed lines. 
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DKl'lNITION OF TECHNOLOGY REQUIREMENT 


NO. I-A-(l)i 


TI-Y’IIM (11 nr,y HFCjtllMFMFNT (TIT1 .EL H,/0^ Ma in and PAGE .5 Ol- ^ 


Auxiliary Propulsion Systems 


12. TECHNOLOGY REcnUREMENTS SCHEDULE: 

CALENDAR YEAR 


SCHEDUl.E ITEM 


TECHNOLOGY 

1. Analysis /Design 

2. Fabrication 

3. Component Test 
•I. Systems Test 


APPLICATION 

1. Design (Ph. C) 

2. Devi/ Fab (Ph. D) 
2. Operations 


USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 


11. REFERENCES: 



(1) Nichols, J. "Cryogenic Auxiliary Propulsion System Study for the Space 
Tug"; NASA CR-13479, June 1975, Lewis Contract, No. NAS3-18913. 

(2) Gregory, J.W. and Herr, P.N.: "Hydrogen-Oxygen APS Thruster Technology 

Status:, AIAA/SAE 8th Propulsion Conference, New Orleans, LA; Nov. 1972. 


15. LEVEL OF STATE OF ART 

1. BASIC PHKNo.Mt NA (Jlist }<\ ^ 0 ..M) *tFl'<MnKD. 

2. TiiFoin H ir M iw\ ’ . I) m i)t M K!ni imunonuna. 

3. lilHU;'! USIIPMY IMhsICAI I \PI HIMK.NT 

OH M \11U M \nr \[ Mill)} 1,. 

4. M S( I p)N nil ( harm FF HISTir Of monstratf d, 

F.O . MATV Rl \l , ( < f >i . 


5. COM»H3NFNTOn RFtf AiimARi*) USTKIMN flM t VA: F 
FNVIKONMKM IN TIR Ij^ IW )RUt>RY , 

«. MODKl. TFsU n IN AlRl'KAn I N VHK M 

7 . MODKL TKSri P iS KSVIRmNMFM 

8. Ntw CAPAUn lT^ P: H’Vi 1) H:dM a \p*t I! 1 \ K 

OPFRA^lO^•\l- »l)LL. 

9 . RI.UAKM.IT^ LRoHAPISi oF O' UPl R\ ; 1» N\I 

10. UKKTIMF FXTI.NSION OF AN Ol i lUTlON vC MOPM . 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. I-A-dll 

1 , TECHNOLOGY REQUIREMENT (TITLE) ; Small H 2 /O, Main and PAGE OF 4 
Auxiliary Propulsion Systems 


6. (c) LH2/L02 Attitude control system for tug provides a lighter weight system 

than earth storables or monoprop, hydrazine. It also provides improved 
abort capability for Tug, since main propellants can be burned in the 
APS; clean, non- toxic, non-polluting propellants with inherent long life 
potential; reduction of main engine critical requirements such as tank 
head idle and pumped idle by using the APS for maneuvers. Use of 
cryogenic systems for kick stages or planetary retro stages provides 
higher payload capability and greater operational flexibility than solid 
rocket motors. 

(d) Systems level testing in a thermal/vacuum facility needed for small 

cryogenic propulsion systems in order to evaluate effects of typical heat 
Inputs to the system from the stage and the environment. 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 


1 . TECHNOLOGY REQUIREMENT (TITLE); High Performance Spac e RAGE 1 OF 

Engines Us in g Hlgh-Denslty Propellants 

2. TECHNOLOGY CATEGORY: Propulsion 

:{. OBJECTIVE/ ADVANCEMENT RFOlITREn- High performance, light weight compa ct| 
sized engines for advanced space vehicles through Increase of chamber pressure 

and use of high density propellants. 

-L CURRENT STATE OF ART: Studies and analyses underway to evaluate 

applications for hi gh performance space engines using high bulk density 

propellants. HAS BEEN CARRIED TO LEVEL _2 


5. DESt'RIRTION OF TECHNOLOGY 

Development of rocket engine technology for engines In the 5, COO to 30,000 
pound thrust class that utilize high performance, high bulk density 
propellants, such as LOX-hydrocarbons. LOX- amine fuels, P,/H and N 20 i/N„H, 

Technology will also Include dual fuel engines that are capable of utilizing 
a high density propellant combination, such as LOX-MMH during the early 
portion of a mission and switching to LOX-LH 2 later In the flight. Both 

bell and plug nozzle engines will be Investigated. Experimental work will 
be preceded by application studies of various high bulk density propellant 
systems to select the most promising ones. 


P/L REQUIREMENTS BASED ON; □ PRE-A,Q A.Q B.Q C/D 


(L RATIONALE AND ANALYSIS: 

(a) Increase of chamber pressure to 1000 psla or higher and use of pump-fed 
engines provides higher specific Impulse with minimum engine size and 
weight. Large expansion ratio nozzles are necessary to obtain high Isp 
and these become bulky and heavy at low chamber pressure. Use of dual 
fuel system for Space Tug (or similar future vehicles) provides 
performance comparable to H 2 /O 2 and a considerable reduction In stage 
size. 

(b) Suitable for application to: apace maneuvering reduction In stage 

size. Shuttle OME; vehicles for transporting payloads from low earth 
orbit to geosynchronous '*rblt or escape velocity such as Space Tug; and 
for lunar landing and t .tceoff vehicles. 

(c) See Page 4. 


TO BE CARRIED TO LEVEL 
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DEFINITION OF TECHNOLOGY REQUIREMENT 

NO. l-A-(l)j 

1. TECHNOLOGY REOUIREMENTITITLEI: High Performance Space 
Engines Using High-Density Propellants 

_ PAGE 2 OF _i 


7 . TEC HNOLOG Y OPTIONS: 


The choice of propellant from among the options available will have 
considerable bearing on the technology needs and the engine design. A 
range of heavy hydrocarbons are applicable and they vary in density. 
Impulse, cost, and basic properties. The amine fuel family offers a range 
of candidates \,±th similar attributes. The f lourlne-hydrogen propellant 
combination is also a candidate for these applications. 


s. TECHNICAL PROBLEMS: 

Principal problem areas are engine cooling, combustion performance and 
stability, turbomachinery, component life, and engine controls. For dual 
fuel systems, the above problems apply plus additional problems related to 
use of two fuels alternately in the same engine, such as injector design 
and hot gas manifold shutoff valves. 


POTENTIAL ALTKHNATIVKS: 

The alternative to developing new high performance space engines for high 
bulk density propellants is to continue using low pressure, low-performance 
engines and earth storable propellants (N20^ - MMH or A50) which have 

considerable problems associated with toxicity, handling, reusability, and 
cost. 


li). PLANNED PROGRAMS OR UNPERTURBED TECHNOU)GY ADVANCEMENT: 


Unpertarbeci program - Technology will not advance without NASA resources. 


EXPECTED I N PERTI RBED LEVEL ^ 

11. Ui:i.ATKD '1 KrUNOl.OdY RKgUUtFMENTS; 




[)I:MXIT10i\ of TKC'IINOI.OGY l{E(^lfII{KMENT 


1. 'J'KC'IIN( )I.( k;Y HK(^U1I{|;M KNT (TITFE^: High Performance 
S pace Engines Using High-Density Propell ants 

li. TEC llNoi,()(;v l{K(a iHF:Mi;NTS SCIIEDUI.E; 


NO. I-A-(l)j 


"AGE OF 4 


SGIIFDLI.E ri FM 

TECHNOLOGY 
1. Analysis/Design 

Fabrication 

Component Test 
t. Systems Test 


CALENDAH YEAI{ 

> I < <> L tI 7h 1 7!) 80 Sl|,s2 •i,') h(| n" .m,> S!) ;)(» !)1 


APPLICATION 
1. Design (Ph. C» 

I'. Devi/ Fab (Ph. D) 

■I . Operations 




1 USAGE SCIIEDUI.E; 


l ECIINOLOGY NEED DATE 


NUMHEU OF LAI ACHES 


11 HEFFHEN'CES; 

(1) Salkeld . R, and Beichel* R- r **Mixed Mode Propulsion S''st'_ins for 

Full Capability Space Tugs", 21st Annual Meeting American Astronautlcal 
Society, Denver, Colo., Aug. 1975. 

(2) Dandrldge, M.H.: "L0X/M>fiI Propulsion for Space Tug", 1974 JANNAF 

Propi Sion Meeting, San Diego, CA, Oct. 1974. 


1 LE VE L O F ST.ATE O F ART 


1. »u\sh the MiMe NA ii v\'> 'tf r'Hu t n 

4. Mm(M. lw\ll II lo ,,t>. L'l.f 

3. liUM!', IISIIJ, I,^ \| fM'fHlMEM 

OH \! Vllll M \ H(- U i I 

i. WHIIMN' H '.M.''-. UK , 

* . MUt l(l\| I Mm.i-i.I'. 


5. L’OMil'ENI M OH lUtE An Ml >aKI* ! 1 I MMN HM E V\.. I 
FNVlHoSMfM INIHI lju. 

«. MODE I, 1 E s ’ E IMN AlHt EUr I E 'v I H' *N ' ‘ ‘ M 
7. MODJ I. tE SIl D *N si»\. E E • N i 

i. Nl W CAPA ill I I r’i I \ H I 1) E C' c I A V’* I t E a E H 

OPFEUHONAI Modi I 

9, HE '.LA Ml I JT"! : E*‘ .KA IMM mE \* oW H,\ . U ', \ 1 M* ij i 

10. ME E. TIME. I .\TE NMos oE AE’ ' »i 1 lt\ no\ • MooEi 
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^^W^OLOGY 


NO. l-A-(l) j 
1*AGE4 OP 4 


(c) 


Cd) 


-tillzint sucTp?o^-“'^"'’"" »>i8her preset T"""r 
reduced compared tran^SlT^*"**® 

reduced in some cases- f ^ ®ystem. Propellant cost wS 
-X-hydrocar.on lor tie sTut^^ V. > «« to ^ 

Systems level testing of h **** flight. 

— to full, -onst“- he 


reproducibility of tub 
OR imNAL PAGS B POOR 


82 


DEFINITION OF TECHNOLOGY REQUIREMENT 


1 . TECHNOLOGY REQUIREMENT (TITLE): Low-cost Liquid PAGE 1 OF _ 3 _ 

Booster Engines 

2. TECHNOLOGY CATEGORY: Propulsion 

3. OBJECTIVE/ ADVANCEMENT REQUIRED; Provide the technology needed to 

develop low cost, low to Intermediate preaaure. nreaaure-fed or numo-fed 

large thrust engines. 

4 CURRENT STATE OF ART: Technology for low chamber pressure engines Is 
limited to low thrust, small diameter engines. 

HAS BEEN CARRIED TO LEVEL 2 


5. DESCRIPTION OF TECHNOLOGY 

The technology needed Includes development of techniques for the design of 
large diameter, minimum weight nozzles, combustors and ocher components that 
can withstand the water landing loads, the manufacture and fabrication of 
these large assemblies, sealing the engine compartment prior to landing 
to prevent water contamination, flushing, cleaning, and refurbishing the 
system (particularly for pump-fed systems) should sealing the engine 
compartment not be feasible. The use of high strength, low wel^t composite 
or filament would combustion chambers and nozzles must be Investigated. The 
combustion stability characteristics of the system must be determined from 
analytical models, and Injector orifice elements and patterns must be 
experimentally Investigated to Insure that cond>ustlon characteristics 
conq>atlble with the gas dynamics of very large diameter, low resonant 
frequency combustors are produced. 

P/L REQUIREMENTS BASED ON: □ PRE-A.Q A,Q B.Q C/D 
«. RATIONALE AND ANALYSIS: 

a. Low-cost, low to moderate chamber pressure (200-1000Pc) engines 
operating on Inexpensive liquid propellants, could have a near term 
application as a replacement for the solid rocket motors on the Space 
Shuttle, thus reducing recurring propellant costs. 

b. In the far term, low-cost, high thrust boosters would be used to augment 
the thrust of large, heavy life vehicles and/or early versions of 
slngle-stage-to-orblt vehicles. 

c. Low-cost boosters represent a cost effective method of providing high 
thrust for large launch vehicles. 

d. Syptems level testing using subsclae hardware Is needed. 


TO BE CARRIED TO LEVELS 





DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. I-A-(l)k 


1 . TECHNOLOGY REQUIREMENT(TITLE); Low-cost Liquid PAGE 2 OF J. 

Booster Engines 

7. TECHNOLOGY OPTIONS: 


None. 


8. TECHNICAL PROBLEMS: 

Difficult and costly to work with large size hardware. Results obtained 
with subscale hardware may not apply to the full scale system. Problems 
associated with components and systems such as low and high frequency 
cond>ustion instability, large, low pressure drop valves, large, light 
weight components and propellant tanks and large flow rate pressurization 
systems. 


9. POTENTIAL ALTERNATIVES; 
None. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

The proposed advancement would not occur without NASA sponsorship. The 
state-of-the-art described in Icem A would not change. 


EXPECTED UNPERTURBED LEVEL 5 

11. RELATED TECHNOLOGY REQUIREMENTS: 


None. 





DEFINITION OF TECHNOLOGY REQUIREMENT 


NO.I-A-(l)k 


1 . TEC HNOLOGY RFXiUIREM ENT (TITLE) : Low-co8t Liquid 
Booster Engines 


PAGE 3 OF _L 


12. TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 


SCHEDULE ITEM 


75 


76 


77 


78 


79 


80 


81 


82 


83 


84 


85 


86 


87 


88 


89 


90 


91 


TECHNOLOGY 

1. Materials Investment 

2. Design & Fab. Tech. 

3. Water Recovery & Refuijb. 
Techniques 

4. Combustion Stability 
Investigation 

5. 


APPLICATION 

1. Design (Ph. C) 

2. Devl/Fab (Ph. D) 

3 . Operations 

4. 


13. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


TOTAL 


NUMBER OF LAUNCHES 


14. REFERENCES: 


15. LEVEL OF STATE OF ART 


1. BASIC PHKNOMtNA OBSERVtD AND REPORTED. 

2. THEORY ^x:>RMCLATED TC DESCRIBE PHENOMENA. 

3. THEORY nSTFD DY PHYSICAL EXPERIMENT 

OR MATHEMATICAL MODEL. 

4 . PERTINENT U:NCT10N OR CHAIUCTERISTIC DEMONSTRATED, 
E.C., MATERIAL. COVPONENT, ETC, 


5. COMPONENT OR BREADBOARD TESTED IN RELEVANT 

ENVIRONMENT IN THE LABORAIORY. 

6 . MODEL TESTED IN AIRCRAFT ENVIRONMENT. 

T. MODEL TESTED IN SPACE ENMRONMENT. 

8. NEW CAPAlttUTY DLRtVT.D FROM A MUCH LESSER 

operationai. model. 

t. RELIAWLITY UP^JRADING OF AN OPERA rU'NAL MODEL. 
10. UFETIME EXTENSION OF AN OELRATIONA?. MODEL. 


85 




DEFINITION OF TECHNOLOGY REQUIREMENT NO. I-A-(l) k 

1. TECHNOLOGY REQUIREMENT (TITLE); High Performance PAGE l OF 3 

Cryogenic In sulation for Reusable Spacecraft 

2. TECHNOLOGY CATEGORY: 14 Propulsion 

3. OBJECTIVE/ ADVANCEMENT REQUIRED; Provide a high performance 

Insulation system for the propulsion system of a cryogenlcally f ueled space- 
craft that will maintain a consistent level of performance for a mlnumum of 

20 missions. — ; — 

4. CURRENT STATE OF ART; Single use purged multilayer Insulation syst ems 

are available. 

HAS BEEN CARRIED TO LEVEL 4 


5, DESCRIPTION OF TECHNOLOGY 

Cryogenic fueled spacecraft that are expected to be subjected to a cyclic 
environment of launch, space flight, and re-entry require that a high 
performance Insulation be developed that will provide reliable and 
consistent performance throughout the spacecrafts lifetime. 


P/L REQUIREMENTS BASED ON; Q PRE-A,Q A,D B,Q C/D 

6. RATIONALE AND ANALYSIS: 

Failure to produce the level of performance and reliability required will 
result In Increased mission costs and or loss of mission payload. 

Perform sufficient con^onent and model testing to assure adequate system 
performance. 

Eventual system flight testing will be performed as part of the cryogenic 
supply and transfer experiment. 


TO BE CARRIED TO LEVEL ± 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. I-A-(l)k 


1. TECHNOLOGY REQUIREMENT(TITLE); High Performance PAGE 2 OF J. 

Cryogenic Insulation for Reusable Spacecraft 

7. TECHNOLOGY OPTIONS: 

(1) Also existing single use system and replace after each flight, which 
Increases payload costs. 

(2) Use existing single use system and accept performance degradation, 
which Increases mission risks and Increases costs. 


8. TECHNICAL PROBLEMS: 

Need adequate ground test facilities. Reduction In total spac». program 
has resulted In both contractor's and government facilities being closed. 


9. POTENTIAL ALTERNATIVES: 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

RTOP 506-21-12 Is directed to this need. However, loss of continued funding 
support will result In Inability to fulfill this need. 

Unperturbed Program - Technology will not advance without NASA resources. 

EXPECTED UNPERTURBED LEVEL 


11. RELATED TECHNOLOGY REQUIREMENTS: 





DEFINITION OF TECHNOLOGY REQUIREMENT NO. I-A-(l)l 

1. TECHNOLOGY REQUIREMENT IT1TLE^: High Performance PAGE 3 OF _3_ 

Cryogenic Insulation for Reusable Spacecraft 


12. TECHNOLOGY REQUIREMENTS SCHEDULE: 


CALENDAR YI:AR 


SCHEDULE ITEM 

75 

76 

77 

^78 

79 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

91 



TECHNOLOGY 

1. Purge Evaluation 

2. Comparative System 

3 Total System Evaluatl 

4. Evaluation In Space 

5. 

on 

- 

L- 




















APPLICATION 

1. Design (Ph. C) 

2. Devl/Fab (Ph. D) 

3. Operations 

4. 










1 











13. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 




1 













T 

1 

OTAL 

NUMBER OF LAUNCHES 




















14. REFERENCES: 

"Outlook for Space" 

1975 NASA OAST Summer Workshop 




15. LEVEL OF STATE OF ART 

1. BASIC PH^CNOMtNA OtiSEnVtD AND HEIDRTED. 

1. THEORY ^X)H^tCLATEDTOr)ESCR!bF. PHENOMENA. 

3, THEORY TES'rrn BY PHYSICAL EXPERIMENT 

OR MATHEMATICAL MODEL. 

4 . PERTINENT K*NCTH)N OR CHARACTERISTIC DEMONSTRATED. 

E.C., MATERIAL, CO^*PO^l:NT, ETC. 


5. COMkON' NT OR BREADBOARD TESTED IN RELEVANT 

ENVIRONMENT IN THE LAR0RA1ORY. 

6. MODEL TESTED IN AIRCRAFT ENVIRONMENT. 

7. MODEL TESTED IN SPACE ENNTRONMFNT. 

I. NEW CAPAIULITY DLRm:0 FROM A MUCH LESSER 
OPERATIONAL MODEL. 

I. RELIABILITY UPGRADING OF AN OPER/VTlnNAL MODEL. 
UFETIME EXTENSION OF AN OI LHATION vT. MODEL. 


88 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. l-A-(l)m 

1. TECHNOLOGY REQUIREMENT (TITLE); Insulation for Reusable PAGE 1 OF 3 

Hydrogen T an ks for Advanced Boosters 

2. TECHNOLOGY CATEGORY: 14 Propulsion 

3. OBJECTIVE/ ADVANCEMENT REQUIRED; Provide light weight, low cost 

Insulation for reusable booster vehicle tankage. 


4. CURRENT STATE OF ART: Insulations similar to that used on S-IV B stage 

have been evaluated for re-use applications. 

HAS BEEN CARRIED TO LEVEL 

5. DESCRIPTION OF TECHNOLOGY 

In support of the fully reusable 2-stage H-0 shuttle concept first advanced 
In the early *70's, some technology work on Internal Insulation systems was 
performed. Now fully reusable, single stage to orbit (SSTO), and heavy 
lift launch vehicles are being advocated. The effort on Insulation 
Improvement should focus on low weight, low cost, maximum resistance to 
thermal cycling, and ease of repair. 


P/L REQUIREMENTS BASED ON: □ PRE-A.O A,Q B,0 C/D 

6 . RATK )NAl.E AND ANALYSIS: 

SSTO vehicles are both more weight sensitive and cost sensitive than the 
2-stage concept. Therefore, the critical parameters for this technology are: 
weight, cost, ruggedness, and ease of repair. 

This effort should build on the technology base already established with 
special attention given to new requirements. Full operational capabil''ty 
should be demonstrated. 


TO BE CARRIED TO LEVEL 8 
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DEFINITION OF TECHNOLOGY REQUIREMENT 

NO. I-A-(l)m 

1 TECHNOT OGY REOUIREMENTmTLEl: Insulation for Reusable 

_ PAGE 2 OF ^ 

Hydrogen Tanks for Advanced Boosters 


7. TECHNOLOGY OPTIONS: I 


8. TECHNICAL PROBLEMS: 


9. POTENTIAL ALTERNATIVES: 

Do nothing - suffer system performance losses and Increased costs 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 


No programs In NASA are currently directed at this problem 


EXPECTED UNPERTURBED LEVEL 4 


11. RELATED TECHNOLOGY REQUIREMENTS: 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. I-A-(l)n 


1 . TEC HNOLOGY REQUIREM ENT (TITLE) : Insulation ^or Pi 

e Hydrogen Tanks Used in Earth to Orbit Boosters 


PAGE 3 OF 3 




12. TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 


SCHEDULE ITEM 


TECHNOLOGY 

1. Materials Evaluation 

2 . System Design 

3. Ground Test Eval. 


APPLICATION 

1. Design (Ph. C) 

2. Devl/Fab (Ph. D) 

3 . Operations 


. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 


14. REFERENCES: 



SUSIBSIBGa 



"Outlook for space" - Technology Category 1.2 In "Space Experiment 
Opporturltles to Support the Outlook for Space Technology Recommendations" 


LEVEL OF STATE OF ART 

1. CA8IC PHi:NOMi:NA OHSERVliD AND RrrORTED. 

I. THEORY roilMriATED TO DESCRIBE PHENOMENA, 

3, THEORY TESTED BY PHYSICAL EXPERIMENT 

OR MATHEMATICAL MODEt., 

4 . PERTINENT UNCTION OR CIURACTERI5TIC DEMONSTRATED, 

E.C., MATERIAL, CCVPONENT, ETC. 


I. COMPONENT on BREADBOARD TESTED IN RELEVANT 
CNV1H0NMENT IN THE LABORAiORY, 

•. MODEL TESTED IN AIHCRA>T ENVIRONMENT, 
t. MODEL TESTED IN SPACE ENVIRONMENT. 

I. NEW CAPArntm' DLRIVXD FROM A MUCH LESSER 
operational MODEL. 

t. RELUnUTY UPGRADING OF AN OPERATIONAL MODEL. 
10. UFETIME EXTENSION OF AN OI LRATtONAt. MODEL. 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. I-A~(l)p 

— =!1,....=— ...LJ- ■ 7ff J-‘ 

1 . TECHNOLOGY REQUIREMENT (TITLE): Composite Engines PAGE 1 OF 

Techno logy 

2. TECHNOLOGY CATEGORY: _JPro£ulslon 

3. OBJECTIVE/ ADVANCEMENT REQUIRED: Composite (Rocket/Alr Breathing 
Engines Technology for sdvenced HTOHL Shuttle-type vehicles. 


4. CURRENT STATE OF ART: Ramjets of small size suitable for tactical 
missies have been d eveloped; studies of composite engines have been done and 
subscale ejector ramjets tested by Marquardt. HAS BEEN CARRIED TO LEVEL 

5. DESCUIl'TION OF TECHNOLOGY 

Future horizontal takeoff-horizontal landing (HTOHL) shuttle-type vehicles 
require composite engines that operate as rockets for high thrust at take 
off and switch to air breathing engines (ramjet, scramjet, etc.) to obtain 
high specific Impulse at higher altitudes. Considerable study effort Is 
needed to Investigate the various types of engine combinations, to 
Investigate the vehicle concepts, and integration of the two. After 
selection of the engine type, technology work will be needed on engine 
components, engine performance modeling, subscale cold flow, and hot firing 
tests of a subscale or modular section of the engine. 


P/L REQUIREMENTS BASED ON; □ PRE-A.Q A.Q B,D C/D 
6. RATIONALE AND ANALYSIS: 

(a) Critical parameters are dependent upon engine type and thrust level 
selected as well as vehicle design constraints. Engine desgln must be 
closely integrated with the vehicle design to Insure satisfactory air 
Ingestion for the range of Mach numbers and vehicle incidence angles. 

(b) Application is to the first stage of a two-stage-to-orbit fully reusable 
shuttle type HTOHL vehicle for transporting payloads from earth to low 
earth orbit. 

(c) See page 4. 


TO BE CARRIED TO LEVEL ^ 
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DEFINITION OF TECHNOLOGY REQUIREMENT 

1. TECHNOI.OGY REQUlREMENTmTLE^t Composite Engines 
Technology 

7. TECHNOLOGY OPTIONS: 


NO. I-A-(l)i 
PAGE 2 OF ^ 


Many options in the realm of composite engine design, including (for example) 
ducted rocket, ejector ramjet, scramjet, air turborcket, LACE Cycles, and 
many others. Most of the concepts beyond the simplest ducted or air 
augmented rocket Involve secondary combustion or large scale turbomachinery 
or both. 


8. TECHNICAL PROBLEMS: 


The technical problems are dependent upon the engine concept selected, but 
Include, for example, engine cooling, afterburner design, and variable area 
inlet control. 


y. POTENTIAL ALTERNATIVES; 

Alternative approaches to the HTOHL concept are all rocket vehicles of one 
or two-stage-to-orbit design which generally have higher gross lift-off 
weight, higher propellant consumption, and higher launch cost per pound of 
payload . 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 
Unperturbed program - technology will not advance without NASA resources. 


EXPECTED UNPERTURBED LEVEL ^ 


11. RELATED TECHNOLOGY REQUIREMENTS; 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. I-A-(l) 


1 . TEC HNOLOGY REQUIREM ENT (TITLE) : Compoalte Engines 
Technology 


12. TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 


SCHEDULE ITEM 


TECHNOLOGY 

!• Vehlcle/Propulslon 
System Analyses 
Engine System Studies 

3. Design/Fabrication 

4. Component Test 

5. Subscale Engine Test 


APPLICATION 

1. Design (Ph. C) 

2. Devl/Fab (Ph. D) 

3 . Operations 


PAGE 3 OF ^ 


i:;. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF IJ\UNCHES 


14. REFERENCES: 





15. LEVEL OF STATE OF ART 

I. BASIC PNENOMINA OBSERVtD A.SU BCrORTED. 
t. THEORY ron.Ml’LATeD TO DEO' JICBC PHENOMENA. 

3. TMFOtU TrlSTED BY PHYSICAL ENPCRIMLNT 
OH .MATHEMATICAL MO:)EL. 

A. PEHTLNtNT EINCTION OR CIURACTERISTIC DEMONSTRATEO, 
E.O., MATEKIAL. CO.VPONLKT, EfC. 


I, (.'OUMNENTOR RRCAOROARD TESTED IN RELEVANT 
BSYIMONMENT IN THE LABORATORY. 

•. MODEL TESTED IN AIRCRA3T ENVIRONMENT, 
f, MODEL TESTED IN SP.ACC ENVIRaNMENT. 

S. NEW CAPAmUTV DERIVED EROM A MUCH LESWR 
OPERATIONAL MODEL. 

t. REUAMUTV UPCRADINC OT AN UPERATKWAL MODEL. 
IS, UfETIME EXTENSION Of AN OI LRATK)N.\l. MODEL. 
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6. (c) The HTOHL two-stage fully reusable shuttle vehicle offers advantage, j over 
other vehicle concepts In that it has very low recurring launch cost and 
low gross lift-off weight (GLOW) for a given payload capability. Thr. 
HTOHL approach using composite engines in the first stage has been 
predicted to have launch costs of about $20/lb. for a 60,000 pound payload 
class vehicle. 

(d) Vehicle/propulsion system a.\alyses, engine concept selection, engine 
preliminary design, component development, engine system modeling, and 
subscale engine testing are needed to bring the technology to maturity. 




DEFINITION OF TECHNOLOGY REQUIREMENT NO. I-A-(2) a 

] . TECHNOLOGY REQUIREMENT (TITLE): tow-Cost Solid Rocket PAGE 1 OF 3 
Booster Motor 

2. TECHNOLOGY CATEGORY: Propulsion 

3. OBJECTIVE/ ADVANCEMENT HEOUIRKn- Provide technology which will 

decrease the cost of future solid rocket booster motors by 50%, 


1. CURRENT STATE OF ART: The current cost of large solid rocket motors Is 


$100-3.00 pe r kilogram. 

HAS BEEN CARRIED TO LEVEL 1 


DESCRIPIION OF TECHNOLOGY 

The cost of a solid rocket motor is made up of many elements which can be 
changed in order to minimize the cost. There are three that have been 
identified: filament wound chambers, lower cost nozzle materials, and lower 

cost insulation. These will not be selected for development until they have 
been demonstrated for Shuttle SRM use. Others are: propellant binder, and 

other ingredients to decrease propellant costs, testing, quality control, 
and documentation as well as manufacturing methods and refurbishment* More 
specifically as examples: Tech-Roll-Seal TVC in place of Lockseal. 

Inspectior. of case segments after recovery for refurbishment. Insulation 
type and technique of application during refurbishment. Hydroxy terminated 
polybutadiene propellant binder instead of PBAA. Carbon/carbon nozzle 
components • 


P/L REQUIREMENTS BASED ON: □ PRE-A.Q A,Q B,Q C/D 
(5. HATIONAI.E AND ANALYSIS: 

a. Substantial aoiounts can be saved considering the large traffic planned 
for Shuttle flights; the three areas selected for technology 
advancement have been completed except for demonstrating against SRB 
requirements . 

b. Motors using this technology would be used for missions from earth to 
low earth orbit. n1 

c. The actual cost decrease is not kno;<n, but would be determined in the 
first phase of the effort. 

d. Each of these technology items must be demonstrated so that the risk 
is minimal to the project by a test program to demonstrate cost and 
performance. 


TO BE CARRIED TO LEVEL 5 
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Ktl'ROUUGlBlU'rY OP 'rHB 

ORMINAL PAGE IB POOR 





8. TECHNICAL PROBLEMS: 


y. POTENTIAL ALTERNATIVES; 

Use current high cost techniques or develop low-cost liquid systems. 

10 . PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

Shuttle SRB development has not planned for this technology requirement. 
Technology will not advance without NAS \ resources. 

expected unperturbed LEVEL £ 

11. RELATED TECHNOLOGY REQUIREMENTS: 

For minimum cost these low cost technologies should be part of the second 
buy of SRB's. 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. I-A-(2)d 


1. TECHNOLOGY REQUIREMENT ITITLEL Low-Cost Solid Rocket PAGE 3 OF 
Booster Motor 


12. TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 


SCHEDULE ITEM 


75 


TECHNOLOGY 

1. Study 

2. Design 

3. lest 

4. 

5. 


76 


77 


78 


79 


80181 


82 


83 


84 


85 


86 


87 


88 


89 


90 


91 


APPLICATION 

1. Design (Ph. C) 

2. Devi/ Fab (Ph. D) 

3 . Operations 

4. 


13. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 

















T 

— 

OTAL 

NUMBER OF LAUNCHES 




















14. REFERENCES: 


15. LEVEL OF STATE OF ART 


1. BASIC PHKNOMtNA OIVSFRVKD AND HFl'nRTKD. 

2. rnroRv kormci^tfd to dksi kirk pm nonk.na. 

3. THKOIO ThSiro nv PHY^lCAl. FXPLKIMKNT 

or maiufmatical modm,. 

4 . PKKTIM NT K:NCT10N OR CHAIUC TERISTIC DEMONSTRATED, 

E.G.. MATtUUL, C0>’P0N|:NT, FTC, 


8. COMPONENT OR BREADBOARD TESTED IN RELEVANT 
ENVl.<ONMENT IN THE LABOR.Alt/RY, 

6. MODEL TESTED IN AIRCRAFT ENVIRONM^ NT. 

7. MODEL TESTED IN SPACE ENMRONMENT . 

8 . NEW CAPAIULITY DLRmiD FROM A MUCH LESSER 

OPERATIONAL MODEL. 

9. RELIABILITY UPGRADING )F AN OPERATIONAL MODEL 

10. LIFETIME EXTENSION OF AN OI’LRATIONAT. MODEL. 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. I-A-(2) a 

1. TECHNOLOGY REQUIREMENT (TITLE): High Performance Solid paGE 1 OF _L 

Kick M otors 

2. TECHNOLOGY CATEGORY: Propulsion 

3. OBJECTIVE/ ADVANCEMENT REQllTRRnr P rovide technology demonstration 

for high performance upper stages such as klcK motors. 


4. CURRENT STATE OF ART: NASA solid upper stage motors currently In use 

were develop ed In the early 1960* s, and technology has advanced, but has no t 
been completely demonstrated. HAS BEEN CARRIED TO LEVEL 

5. DESCRIPTION OF TECHNOLOGY 

The motors now being used by NASA upper stages for maneuvers such as kick In- 
the-apogee were developed during early 1960's. New technology Is available « 
which can be applied to Improve the specific Impulse, mass fraction, cost 
and Interface requirements. Mass fraction can reasonably be expected to 
Increase from 0.92 to 0.95 and specific impulse from 280 to 300 sec. 


P/L REQUIREMENTS BASED ON: Q PRE-A.Q A.Q B,Q C/D 

6. RATIONALE AND ANALYSIS: 

a. For high energy planetary missions the current state-of-the-art requires 
full booster capability and limits the payload that escapes earth; a 
kick motor Is needed with about 2000 kg. of propellant to provide the 
full Shuttle/IUS capability for high energy missions as well as large 
payloads to geosynchronous orbit. 

b. These motors find application In transport from low earth orbit to 
geosynchronous orbit and Interplanetary Injection; A 3 and 4. 

c. Some payloads for high energy missions cannot be delivered without a 
new kick stage motor. 

d. The technology should be statically demonstrated In flight design 
hardware. 


TO BE CARRIED TO LEVEL J_ 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. I-A-(2)b 


1 . TECHNOLOGY REQUIREMENT(TITLE): High Performance Solid PAGE 2 OF J. 
Kick Motor 


7. TECHNOLOGY OPTIONS: 

The lUS or Tug payload capability would be markedly improved by developing 
a 2000 to 10,000 kg motor and by taking advantage of higher performing 
insulation and case materials, propellants, and control techniques. A stop- 
restart mo.;or can provide up to 50% more payload in orbit than a single-bum 
motor. A thrust vector control system needs to be selected from the several 
moveable nozzle options such as Tech— Roll— Seal, Lockseal, or Thlovec. 


y. POTENTIAL ALTERNATIVES: 

Liquid kick stages or use technology without benefit of demonstrations. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

Portions of Prog. 1 (see schedule) are supported by RP, RTOP 506-21-32. 

Program 2 (see schedule) has no planned support. 

DOD programs; however, are class 7 propellants which are currently not allowed 
on the shuttle vehicle; thus, NASA requires a new high performance class 2 
propellant. 

Technology will not advance without NASA resources. 

EXPECTED UNPERTURBED LEVEL 



S 

i 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. I-A-(2)b 


1. TECHNOLOGY REQUIREMENT (TITLEL High Performance Solid PAGE 3 OF 
Kick Motors 


12, TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 


SCHEDULE ITEM 


TECHNOLOGY Ptograml 
1 . Design 

o Fabrication 


3 ^ Testing 

4 , Demonstration 


TECHNOLOGY Program2 
1. Design 

Demonstration 



13. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 


M. REFERENCES: 



"Which Way to Shuttle Upper Stages?", A.O. Tischler, p. 26-37, AlAA, A and A, 
Volume 13, No. 7, July / Aug. , 1975. 


15. LEVEL OF STATE OF ART 


1. RASIC PHKNOMtNA OlVSERVhD AND HF PORTED. 

2. THEORY ^X.mM PLATED TO DESCRIBE SMB NOMEN A. 

3. THEOfO TESTED BY PHYSICAL EXPERIMENT 

OH M ATI It MATICAL MODE I.. 

4. PERTINENT tCNCTlON OK CHARACTERISTIC DEMONSTRATED, 
E.C., MATERIAL, COVPONKNT, ETC. 


5. COMPONENT OR BREADBOARD TESTED IN RELEVANT 

ENVIRONMENT IN THE LAHORAl'ORY, 

6. MODEL TESTED IN AIRCRAFT ENVIRONMENT. 

7. MODEL TESTED IN SPACE ENVIRONMENT. 

8. NEW CAPAmi.lTY DLRIVT.D FROM A MUCH LESSER 

OPERATIONAL MODEL. 

8 . RELURILITY UPGRADING OF AN OPERA TloNAL MODEL. 
10. LIFETIME EXTENSION OF AN OI LRATION W MODEL. 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. I~A-(2) c 

1. TECHNOLOGY REQUIREMENT (TITLE): High Performance Space PAGE 1 OF 3 

Solid Motoru 

2, TECHNOLOGY CATEGORY: Propulalon 

2. OBJECTIVE /ADVANCEMENT REQUIRED; Provide technology for solid 

propellant motors of high perform ance which can withstand the sterilization 

environment. 

4. CURRENT STATE OF ART; Motor sizes up to 75 kg and mass fractions of 

0.85 km have be en achieved. Large sizes have not been demonstrated. 

HAS BEEN CARRIED TO LEVEL _2 

5. DESCRIPTION OF TECHNOLOGY 

Technology for motor sizes up to 300 kg and performance of 0.9 mass 
fraction will be developed to effectively provide propulsion for sample 
return from the planets. 


P/L REQUIREMENTS BASED ON: □ PRE-A.Q A.Q B.Q C/D 

6. RATIONALE AND ANALYSIS: 

a. There is a large payoff in increased sample size return if the 
performance of the propulsion system is increased. 

b. Extraterrestrial landing and take-off (in particular Mars sample 
return); m5 

c. These missions operate at very large ratios of sample returned to 
mass landed, l.e., a 50 gram sample for a 3000 kg spacecraft launch. 

d. Demonstration by static test in flight prototype hardware. 


TO BE CARRIED TO LEVEL 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO.I-A-(2)c 


1. TECHNOLOGY REQUIREMENT(TITLE): High Performance Space PAGE 2 0FL. 

Solid Motors 

7. TECHNOLOGY OPTIONS: 

Conduct a demonstration program after Increasing the performance and 
stability of the propellant system by Increasing the solids loading 
from 81% to 85% to obtain an Increase from 280 to 290 sec. The design 
of the motor Is to capitalize on grain stress relief techniques. To 
complete the demonstration the motor needs to be designed, fabricated, 
subjected to thermal sterilization cycles and static tested. 


8. TECHNICAL PROBLEMS: 

Obtain thermally stable propellant and Insulation systems In 300 kg sizes. 


9. POTENTIAL ALTERNATIVES: 


Use lower performing system: I 3 of 250 sec. and mass fraction of 0.75. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT; 

Currently being Investigated by JPL with support from RP. 

RTOP 506-21-32. Technology will not advance without NASA resources. 


EXPECTED UNPERTURBED LEVEL 2 

11. RELATED TECHNOLOGY REQUIREMENTS; 

None. 
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DEFINITION OF TECHNOl.OGY REQUIREMENT NO. I-A-(2)c 

1 Ti:CHN01.()GY REOIJIREMENT ITITLEI: High Performance Space PAGE 3 OF _2_ 
Solid Motors 

12. TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 

SCHEDULE ITEM 

75 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

91 



TECHNOLOGY 

1. Propellant 

2. Design 

3. Fabricate 

4. Dero''nstratlon Firing 

5. 

■ 


— 



A 

















APPLICATION 

1. Design (Ph. C) 

2. Devl/Fab (Ph. D) 

3 . Operations 

4. 






















13. USAGE SCHEDULE: 

TECHNOLOGY NEED DATE 








A 









7 

'OTAL 

NUMBER OF IJ\UNCHES 



















14. REFERENCES: 

15. LEVEL OF STATE OF 

!. BASIC PHKNOMKNA OBSERVE p 

2 . THEORY KlRMCLATED TO DESC 

3. THFora TKSTKP DY PHYSICAL 

OR mathematical MOPEI,. 

4. PERTINENT K'NCTiON OR CRAI 

E.C., MATERUL, COVPO.NEN 

repboducibi^ 

ORMINAL PA6B B POOR 

ART COMPONENT on BREAPBOARD TESTED IN RELEVANT 

ENVIRONMENT IN THE LAHORAIORY. 

NU REPORTED. 0 . MODEL TESTED IN AIRCRAtT ENVIRONMENT. 

KIBE PHENOMENA. j, MODEL TESTED IN SPACE ENVIRONMENT. 

:X PE RIM ENT 1, NEW CAPABILITY DERIVED FROM A MUCH LESSER 

OPERATIONAL MODEL. 

LACTERISTIC DEMONSTRATED. t. RELIABILITY UPGRADING OF AN OPERATIONAL MODEL. 

T. etc. to* UFETIME EXTENSION OF AN OI LRATIONaT. model. 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 


I-B 


1. TECHNOl.OGY REQUIREMENT (TITLE): Metastable States of PAGE 1 OF 

Matter 

I 2. TECHNOLOGY CATEGORY: Propulsion 

* 3. ORJECTIVE/ ADVANCEMENT RECJlllREn; Determine feasibility of utilizing 
metastable matter for propulsion and undertake an advanced hardware 

development program to demonstrate technology readiness. 

•4. CURRENT STATE OF ART: The metastable states of matter are currently 

under analys is and laboratory Investigation. 

HAS BEEN CARRIED TO LEVEL 2 


5. DESC'RIPTION OF Ti:CllNOLOGY 

Currently the metastable states of matter under analytical 
and experimental investigation are metallic hydrogen, 
excited helium and mixtures of atomic and molecular hydrogen. 
The technology is in the conceptual or very early stages of 
experimental investigation. It is many years away from 
technology readiness, which is anticipated to be beyond th^ 
end of the century. 


P/L REQUIREMENTS BASED ON: Q PRE-A,D A,D B,D C/D 
6. rationale and ANALYSIS: 

a) High-energy missions are very sensitive to specific impulse and there- 
fore any improvement in that parameter has the potential of improving 
the mission. 

b) This falls under the category of opportunity driven missions. 

c) The payload will increase, to a zeorth order, directly as the log 
increase of Isp, therefore payloads will Increase by orders of magnitude 
if system mass does not increase over current systems. 

d) Too early to know. 


TO BE CARRIED TO LEVEL 


105 


I 







DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. r-B 

1 . TECHNOLOGY REQUIREMENT(TITLE): Metastable States of pAGE ?. OF J. 

Matter 

7. TECHNOLOGY OPTIONS: 


None. 


8. TECHNICAL PROBLEMS: 

Storage of matter in the metastable states at reasonable system mass; energy 
release at the proper point In the system; production of metallic hydrogen. 

9. POTENTIAL ALTERNATIVES: 

(stable chemclals) 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT; 
New Horizons Program at JPL. 

Without NASA resources, the teciinology will not advance. 


EXPECTED UNPERTURBED LEVEL _2 








DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 1-B 


1. TECHNOLOGY REQUIREMENT ITITLEL Metastable States 
of Matter 


PAGE 3 OF 


12. TECHNOLOGY REQUIREMENTS SCHEDULE; 

CALENDAR YEAR 

SCHEDULE ITEM 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 

TECHNOLOGY 

1. Analysis and lab worl 

2 ^ Evaluate Properties 

3, System Studies — ■ - ■ 

^ Critical Hardware 
Evaluation 


I APPLICATION 

1. Design (Ph, C) 

2. Devi/ Fab (Ph. D) 

3. Operations 


1.!. USAGE SCHEDULE; 

■ ■ ■ ■' - " 1 

TKCllNOLOGY NEED DATK 
NUMBER OF I^UNCHES 


14. REFERENCES: 


LEVEL OF STATE OF ART 


1. BASIC PHKNOMtNA OW?ER\l.D AND HFrORTLD. 

8. theory »t)ltMCUATEnTOI)ESCIi:BF PmsOMENA. 

3. THEOin TKSirn DY PHYSICAL rXPEKIMl.NT 

OR M-niltMATICAL MODI L. 

4 . PtMTIM NT UNCTION OR CTlARAt TERISTIC DEMONSTRATED. 

C.C,, MATEUUL, COVPO\KNT. ETC. 


ft. COMPONENT OR BREADBOARD TESTED IN RELEVANT 
ENVIRONMENT IN TRK LAHORW.mV. 
ft. MODEL TESltU IN AIRCRAfrT i NVIRON.MI NT. 

T. MODEL TETH l) IN SV\rr ENVIRONMENT. 

ft. NEW CAPAnii.m' d: hjvtd from a mi’ch lesser 

OPERA1IONAL MODEL. 

ft. REUAWLITY Upt.FlADISC OE AN OPERA n>‘NAl MODEL, 
1ft. U EE TIME extension OF AN OIL RATION kI. MODI L, 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. I-c 

1 TECHNOLOGY REQUIREMENT (TITLE): Utilization of PAGE 1 OF 3 

Indige no us Materials for Propulsion 

2 . TECHNOLOGY CATEGORY; Propulsion 

3. OBJECTIVE/ ADVANCEMENT REQUIRKDr Develop the technology for using th e 

glass of extra-terrest rial surface material, planetary atmosphere and waste 
for propulsion. 

4. CURRENT STATE OF ART: To date only mass taken from earth has been used 
- fay the NASA. I t has been demonstrated that solid waste can be burned In 

a hybrid rocket. HAS BEEN CARRIED TO LEVEL 

5. DESC'RII>TI()N OF TECHNOLOGY 

Matter can be found In many forms and places where man will explore the 
solar system, and this material could be used for propellant mass; however; 
the form is usually not the same as found on earth. 

New technology will be developed to convert Indigenous mass to useful form, 
and to release energy when combined with stored constituents. 


P/L REQUIREMENTS BASED ON; □ PRE -A.Q A,Q B.D C/D 

(5. HATH t.\AEE AND ANAI.Y.SIS: ~ 

a. New schemes need to be devised, concepts compared, tested, and 
technology developed. 

b. These efforts are opportunity driven. 

c. Currently all propellant mass must be brought from the earth with 70 

to several thousand times that mass being expended to get the propellant 
mass into space. Thus the use of Indigenous materials for propulsion can 
greatly reduce transportion system mass and cost for missions to distant 
planets and their satellites. 

d. Concepts tor reacting indigenous materials with stored reactants must be 
identified and their characteristics evaluated in order to determine if 
systems development is warranted. 


1 


TO BE CARRIED TO LEVEL 5 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. I-C 


1 . TECHNOLOGY REQUIREMENT(TITLE): Utilization of Indigenous PAGE 2 OF 3L 
Materials for Propulsion 
7 . TEC HNOLOGY OPTIONS; 

The only option for not using Indigenous mass Is to carry the mass from earth. 
Within the indigenous materials there Is a variety of options which are 
unknown at this time. The atmosphere of Venus Is mostly CO which could be 
reacted to form metal oxides plus heat, or just collected. Heated, and 
expelled at higher velocity. Use of waste mass In a hybrid rocket for 
auxiliary propulsion has been demonstrated to be a technique which could 
be used on manned operations. 


8. TECHNICAL PROBLEMS; 

Energy, mass, and cost of using these systems when material has to be 
gathered. 


•J. POTKNTlAi, ALTKUNATIVES; 
Carry along mass from earth. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

New Horizons In Propulsion Program In RP 
Technology will not advance without NASA resources. 


EXPECTED UNPERTURBED LEVEL 

II. RELATED TECHNOUXIY REQUIREMENTS; 

Studies which will define specific missions and approaches. 




i 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. I-C 


PAGE 3 OF 3 


I . TEC HNOLOGY KEQUIREM ENT (TITLE) : Utilization of 
Indigenous Materials for Propulsion 


12. TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 


SCHEDULE ITEM 

TECHNOLOGY 

1 . 

Study 

2 

Selection of Approacl 

3. 

Laboratory Experiment 

4, 

Breadboard Systems 

5. 


APPLICATION 

1. 

Design (Ph. C) 

2. 

Devi/ Fab (Ph. D) 

3. 

Operations 

4. 


13, 

USAGE SCHEDULE: 

TECHNOLOGY NEI<:D DAI' 



NUMBER OF LAUNCHES 


14. REFERENCES: 


H iniiininiiiB 

■■■■■■■■■■■■■■■ 


.UII ITY OF TttB 


LEVEL OF STATE OF ART 


1. IWSir PHKNOMtNA OaSFRVV D AND *lErORTED. 

2. TIIEOHY KOUMriw^TED TO DESCRIBE PHENOMENA. 

3. THEOin TESTED BY PHYSICAE EXPERIMENT 

OK M \TIIFM\TICAL MODFI.. 

4. PERTIM NT UNCTION OR CHAIUCTERISTIC DEMONSTRATED, 

E.G., MATEIUAE. COVPONENT, ETC. 


5. COMPONENT OR BREADBOARD TESTED IN RELEVANT 

ENVIRONMENT IN THE LABORAIXDRY. 

6. MODEL TESTED IN AIRCRAFT ENVIRONMENT. 

7. MODEL TESTED IS SP.ACE ENMRONMENT. 

8 . NEW CAPABILITY DERIVED FROM A MUCH LESSER 

OPERATIONAL MODEL. 

f. RELUBILITY UPGRADING OF AN OPERATIONAL MODEL. 
10. LIFETIME EXTENSION OF AN OI LRATIONaL MODEL. 








DEFINITION OF TECHNOLOGY REQUIHEMENT NO. _ I-D 

1. TECHNOLOGY REQUIREMENT (TITLE): Detonation Propulsion PAGE 1 OF_3_ 


2. TECHNOLOGY CATEGORY: Propulsion 

3. OBJECTIVE/ ADVANCEMENT REQUIREDr Provide prototype of mechanization 
of a detonation propulsion system which can be used In dense atmospheres. 


4. CURRENT STATE OF ART: . 

Feasibility has been shown for single pulses 

In laboratory apparatus. 



HAS BEEN CARRIED TO LEVEL _3 


5. DESCRIPTION 01 TECHNOLOGY 


It has been bound that a small charge can be detonated in an expanding 
nozzle and provide an impulse hvich to the first order is independent of 
atmosphere around the propulsion system. 

The technology program consists of providing stable high energy detonable 
propellants which can be stored, transfered and ignited in the reactor; 
technology development of chamber refilling techniques, and transfer of the 
pulsed energy into the payload. Nozzle optimum design, prototype system 
design, and prototype system demonstration would complete the technology 
program* 


P/L REQUIREMENTS BASED ON: QPRE-A.n A,D B.Q C/D 
6. RATIONALE AND ANALYSIS: 

a. The results of estimates of current technology Indicates that specific 
Impulses of 50 to 150 sec. could be expected in dense, high-pressure 
(100-1000 bars) atmospheres while detonation propulsion should permit 
greater than 200 sec. 

b. Extraterrestrial landing take-off and on orbit operations; M-1 and 5. 

c. Should be able to decrease propellant mass by factor of 2. 

d. Demonstration of a prototype unit in the laboratory. 


TO BE CARRIED TO LEVEL ^ 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. I-D 

1 . TECHNOLOGY REQUIREMENT(TITLE): Detonation Propulsion 2 OF L 


7. TECHNOLOGY OPTIONS: 


The range of specific Impulses varies from 200 to 300 sec. but depends 
on obtaining a propellant which can be packaged efficiently and Initiated. 
The number of pulses varies from several hundred to a hundred thousand; the 
size of the change Is one to twenty-five grams. 


». TECHNICAL PROBLEMS: 

Obtain multiple pulse operation; transfer of pulse thrust Into payload. 
Nozzle refilling between pulses. System to Initiate propellant detonation; 
condldate approaches for Ignition are: laser, shock wave, detonation wave, 

acoustic, resistance heating, broad spectrum heating. 


U. POTENTIAL ALTERNATIVES: 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

Currently being Investigated at JPL under RP support. RTOP 506-21-32. 
Technology will not advance without NASA resources. 


EXPECTED UNPERTURBED LEVEL 3 


11. RELATED TECHNOLOGY REQUIREMENTS: 




DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. I-D 


1. TIY- HNOl or,Y f^EQUIREMENT ITITT.EL Detonation Propulsion PAGE 3 OF ^ 


12. TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 


SCHEDULE ITEM 


75 


76 


77 


78 


79 


80 


81 


82 


83 


84 


85 


86 


87 


88 


89 


90 


91 


TECHNOLOGY 

1. Laboratory 

2. Design 

3 . Fabrication 

4. Test 

5. 


APPLICATION 

1. Design (Ph. C) 

2. Devi/ Fab (Ph. D) 

3. Operations 

4. 


Li. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


~l 

TOTAL! 


NUMBER OF LAUNCHES 


14. REFERENCES: 


15. LEVEL OF STATE OF ART 


1. MSIC PHKNOMtNA OasERVt D AND HEPORTKO, 

2. TMEOKY PLATED TO DESrKIBF: MIENOMENA. 

3. THKnrO ThSTKD BY PHYSICAL EXPERIMENT 

OH MAIHEMATICAL M0DF:L. 

4 . PERTINENT K NCTluN OR CHAIUCTERISTIC DEMONSTRATED, 

E.C., MATEKIAl., ^0^* PON ENT, ETC. 


5. COMPONENT OR BREADBOARD TESTED IN RELEVANT 

ENVIRONMENT IN THE LABOR.A'l’ORY. 

6 . MODEL TESTED IN AIRCRAFT ENVIRONMENT. 

7. MODEL TEST :D IN SP.XCE EN\TRONMENT. 

S. NEW CAPAIULITY DLR1VT:D FROM A MUCH LESSER 
OPERATIONAL MODEL. 

». RELIABILITY UPGRADING OF AN OPERA HOSAL MODEL. 
10. LIFETIME EXTENSION OF AN OPERATIONAL MODEL. 
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DEFINITION OF TECHNOLOGY REQUIREMENT ^A -l(a)-l 

1. TECHNOLOGY REQUIREMENT (TITT.RI- Nuclear Electric PAGE 1 OF ? 

Propul s ion Poverplant 

2. TECHNOLOGY CATEGORY: Propulsion 

3 . OBJECTIVE/ ADVANCEMENT REQUIRED! Demonstrate, In a complete ground 
prototype test, a fast-8pectrum» light weight, low cost, multi-hundred kWe 
technology for a space nuclear electric power subsystem for primary electric 

4 ^ U^Fren^T^TATE of ART* Thermionic fuel elements for an In-core thermionic 

reactor were car ried to EM design « Subsystem conceptual design was 

essentially completed in 1973, HAS BEEN CARRIED TO LEVEL 3 

5. DESCRII^TION OF TECHNOLOGY 

The system to be designed and demonstrated is A-3-Mwt (or larger) heat pipe- 
cooled, fast reactor, operating at 1600K, utilizes Brayton, Sterling* 

Rankin, or thermionic power conversion. The prime contender presently is 
out-of-core thermionic power converters, at 15% to 25% conversion 
efficiency, to generate electrical power. Heat rejection, at 850^K, is via 
NaK coolant and heat pipe radiator structures. A large shadow shield (a 
metal hydride) is imposed between the reactor (with its assoicated power 
conversion) and the rest of the spacecraft neutron shielding. It -is 
expected that the major part of the gamma shielding will be provided by the 
on-board propellant. Specific mass of the power subsystem is presently 
estimated at less than 20kg/kWe, designed for 30,000 hours of full power 
operation and a total lifetime of at least 90,000 hours. 


P/L REQUIREMENTS BASED ON: (SPRE-A.D A.Q B.D C/D 
6. RATIONALE AND ANALYSIS: 

a. High energy planetary exploration at Jupiter, Saturn and the other 
planets Is expected to start by the early 1990' s. NEP will provide a 
low-cost, multi-payload, multi-mission spacecraft capability via the 
planned technology. In particular, lower specific mass, long life, and 
lower cost are accomplished by out-of-core power conversion at the 
specified temperatures. 

b. Mission needs are Interplanetary transport and on-orhlt operation 
requirements of outer planet arbiters, satellite landers-, and surface 
sample return missions. In addition, these subsystems required 
for large payload transport from LEO to geosynchronous orbit or escape 
velocity. 

c. NEP at Jupiter will provide approximately a factor of 3 larger payloads 
(on direct flight from a single STS launch) than a 3-stage chemical 
propulsion system from a dual STS launch via Venus swlngby. This 
extra payload provides multiple orblter/lander systems for the Jovian 
satellites and also enables a sample return flight to earth orbit, all 
with a single NEP system. Recurring cost for this NEP mission may also 
be lower than for the limited chemical system. 

TO BE CARRIED TO LEVEL 7 
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DEFINITION OF TECHNOLOGY REQUIREMENT 




1 . TECHNOLOGY REQUIREMENTfTITLE^: Nuclear Electric PAGE 2 OF 

Propulsion Powerplant 
7 . TECHNOLOGY OPTIONS: 

Because of highly favorable payload/flight time tradeoff capability unique 
to NEP, this system is relatively insensitive to launch window and payload 
increases. Power available for mission equipment is virtually unlimited. 
System is expected to have 20% redundancy to cover power degradation over 
specified lifetime. 


8. TECHNICAL PROBLEMS: 


a . 

Heat pipe cooled reactor 

h. 

Cabling and power processing 

b. 

Long life thermionic converter 

1. 

Spacecraft Integradation 

c. 

HaK coolant manifolds 

J. 

Ground test facilities 

d. 

Heat pipe radiator structures 



e. 

High temp, hydride neutron shield 



f. 

High temp, cermet insulators 



g« 

Sputter resistant coatings 




\), POTENTIAL ALTERNATIVES: 

In-core thermionic reactor development, although a heavier and more costly 
technology, could also provide a major improvement over chemical systems. 


10 . PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 
Without special effort by NASA, this advancement would not occur. 


EXPECTED UNPERTURBED LEVEL _3 


11. RELATED TECHNOLOGY REQUIREMENTS: 

This technology also requires the availability of a high power thrust 
subsystem technology to accomplish the stated missions. Other technologies 
are implied above in "Technical Problems" (item 8) . 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. 


1 . TECHNOLOGY REQUIREMENT mTLEL Nuclear Electric l^AGE 3 OF 

Propulsion Powerplant 


12. TECHNOLOGY REQUIREMENTS SCHEDULE; 

CALENDAR YEAR 


SCHEDULE ITEM 


TECHNOLOGY 

1. Analysis/Design 

2. Fabrication 

3. Test 

4. Documentation 


APPLICATION 

1. Design (Ph. C) 

2. Devi/ Fab (Ph. D) 




3. Operations 


i;i. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 


14. REFERENCES: 




15. LEVEL OF STATE OF ART 

1. IV\SIC PHKNOMLNA OBSKKVh D AND MFI'OUTtU. 

2. THEORY KOJtMri^rn) TO imdnomfna. 

3. THK<uo nsm> nv pinsu'AE experiment 

OK MATHEMATICAL MODI L. 

4 . PERT IM N r H NCTMN OR CIlAKACTEmSTIC UFMONSTRATED. 

E.G., MATERIAL. CO^•^O^^^T. ETC. 


5 . COMPONENT OR ftREAD BOARD TESTED IN RELEVANT 

ENVIRONMENT IN THE LAIWRATOllY. 

6 . MODEL TESTED IN AiRCRAhT I NVIRONMI NT. 

7. MODEL TESTLI) IN SPACE ENVIRONMENT. 

I. NEW CAPAIULITY DLBIVTD FROM A M'JCII LESSER 
OPERATIONAL MODLL. 

t. RELIABILITY UPGRADING OF AN OPERA TU »NAL MODEL. 
10. LIFETIME EXTENSION OF AN 01 LIUTION O. MODF L. 
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DEFINITION OF TECHNOLOGY REQUIREMENT (b)~^ 

1 . TECHNOLOGY REQUIREMENT (TITLE): High Pwer PAGE 1 OF 

Electrostatic Thrust Subsystem 

2. TECHNOLOGY CATEGORY: Propulsion 

3. OBJECTIVE/ ADVANCEMENT REQUIRED: ^ conq)lete ground 
prototype test, the technology for a multi-hundred kWe electrostatic thrust 

subsystem and Its associated propellant storage and distribution subsystem for 

primary nuclear powered electflc pfobulsion. Z ~ 

4 . CURRENT STATE OF ART: Similar subsystems are currently under prototype 

development for so lar electric propulsion at a power level of 5-30. kWe, 

scheduled for completion approx, 1980. HAS BEEN CARRIED TO LEVEL ^ 

5. DESCRIPTION OF TECHNOLOGY 

Design and demonstrate a 400 kWe power processor and a 300-mm Ion tiombard- 
ment, 3 axis control thrust array, with switching and logic 
for operation at an exhaust velocity up to 100 km/s. Heat pipe cooling 
of the array mounting platform will maintain temperature below 500K to 
assure active control of propellant flow. Specific mass of the thrust 

subsystem is presently estimated at less than 4 ka/kWe, designed 

30.000 hours of full power operation and a total lifetime or at least 

90.000 hours. 


P/L REQUIREMENTS BASED ON: □ PRE-A.Q A.D B,Q C/D 

6. RATIONALE AND ANAI.YSIS: 

a. High energy planetary exploration at Jupiter, Saturn and the other outer 
planets Is expected to start by the early 1990* s. HEP will provide a 
low-cost, multi-payload, multi-mission spacecraft capability via the 
planned technology. In particular, lower specific mass, along life, 

and lower cost are accomplished by out-of-core power conversion at the 
specified temperatures. 

b. Mission needs are Interplanetary transport and on-orblt operation 
requirements of outer planet orblters, satellite landers, and surface 
sample return missions. In addition, these subsystems are required 
for large payload transport from LEO to geosynchronous orbit or escape 
velocity. 

c. HEP at Jupiter will provide approximately a factor of 3 larger payloads 
(on direct flight from a single STS launch) than a 3-stage chemical 
propulsion system from a dual STS launch via Venus swlngby. This extra 
payload provides multiple orblter/lander systems for the Jovian 
satellites and also enables a sample return flight to earth orbit, all 
with a single HEP system. Recurring cost for this HEP mission may also 
be lower than for the limited chemical system. 

d. A ground prototype test Is required, although It may also be desirable to 

have a short powered flient system test in CARRIED TO LEVEI 7 


for 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


l^-(l)0»-2 

1. TECHNOLOGY REQUIREMENTmTLEI: High Power PAGE OF 3, 

Electrostatic Thrust Subsysteg 
7. TECHNOLOGY OPTIONS: 

Because of highly favorable payload/fllght time tradeoff capability unique 
to NEP, this system Is relatively Insensitive to launch window and payload 
Increases. Power available for mission equipment Is virtually unlimited. 
Subsystem Is expected to have 20Z redundancy to cover performance 
degradation over specified lifetime. 


8. TECHNICAL PROBLEMS: 

a. Heat pipe cooling of structure 

b. Propellant tankage to provide full gamma shielding 

c. Interaction of exhaust with spacecraft structures and surfaces 

d. Spacecraft integration 

e. Ground test facilities 


y. POTENTIAL ALTERNATIVES: 


None 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 


Without special effort by NASA» this advancement would not occur. 


EXPECTED UNPERTURBED LEVEL 

11. RELATED TECHNOLOGY REQUIREMENTS: 

This technology requires the availability of a nuclear power subsystem 
technology to accomplish the stated missions. It also requires further 
development of guidance and navigation technology for large, constant 
power, low thrust missions. 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


1. TECHNOLOGY REQUIREMENT (TITLE!: High Power _ 

Electrostatic Thrust Subsystem 


12. TECHNOLOGY REQUIREMENTS SCHEDULE; 

CALENDAR YEAR 


PAGE .3 OF 3 


SCHEDULE ITEM 

TECHNOLOGY 

1. 

Analysis/Design 

o 

w • 

Fabrication 

3. 

Test 

4. 

Documentation 

5. 


APPLICATION 

1. 

Design (Ph. C) 

9 

^ % 

Devl/Fab (Ph. D) 

:3. 

Operations 

4. 




. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 


M. REFERENCES: 



LEVEL OF STATE OF ART 


1. IWSIC PHK\i>MtNA OhSJ UVk 0 AND Uri’OHTKD. 

2. TMFOKY KMWl IwVTEl) TO DEM i:!W Pm NOMF NA. 

3. TrlKM;'! T^S^U) IMH Mi'Al. ^ NPEKlMbNT 

OH MAint MOIH 

4 . PbH I IM N I a N( TION OR UHAIU( TKIUSTIC DFMONSTRATED. 

F.G., MATEHIAl.. Ri\ 


6. COMtONFST OR OHEADBOAKD Tk STLD IN RELEVANT 

rNVlKONMENT IN THK LAI»R.An*llY. 

MODEL TESTED IS AIRCRAkT ENVnONMk NT. 

7. MODEL TESTED IN S\\\rV ENMRONMENT. 

8. NEW CAPAHILITY D: RIVTD HIOM A Mt’CIl LESSER 

operational .model. 

#. RFUAWLITY UPGRADINC OF \N OPERA rioSAI MODEL, 
10. LIFETIME EXTENSION OF AN 01 L RATION vL MOlU I.. 


>■ *: 










DEFINITION OF TECHNOLOGY REQUIREMENT 

1. TECIINOI.OGY REQUIREMENT (TITLE): MPD Thrust Subsystem PAGE 1 OF 3 

Techno logy 

2 . TECHNOLOGY CATEGORY: Propulsion 

:L objective/ advancement HEOUIRED: Demonstrate, in a complete ground 
prototype test, the technology for a multi-hundred kWe MPD arc jet subsystem and 

its associated propellant, storage and distribution subsystem for primary nuclear 
powared electric Dropulsion« 

CURRENT STATE OF ART: Analytical and experimental research has been done 
in a quasi-stea dy m agnetoplasmadynamic (MPD) discharge with a self-induced 
magnetic field and different propellants. HAS BEEN CARRIED TO LEVElT^ 

o. DESCRIPTION OF TECHNOLOGY 

A 400 kWe power processor and a quasi-steady MPD arc jet thruster, with 
switching and logic required for operation at an exhaust velocity between 
20 and 30 kra/s, utilizing argon as a propellant. Specific mass of the 
thrust subsystem is presently estimated at less than 2 kg/kWe, designed 
for 30,000 hours of full power operation and a total lifetime of at least 
90,000 hours. 


r/L REQUIREMENTS BASED ON: Q PRE-A.Q A,D B.Q C/D 
(5. RATK iNAEE AND ANALYSIS: 

a. Requirements for transport of a large number of different payloads from 
LEO to many different orbit locations with reusable upper stages are 
expected by the late 1980' s. NEP will provide a low-cost, multi-payload, 
multi-mission reusable "Tug" capability. The MPD arc jet for this 
application is an exceptionally low-cost, versatile, lightweight device 
that will be able to operate at high thrust density with .'ery little 
power processing. 

b. Mission needs are particularly in the large payload transport from LEO 
to geosynchronous orbit or escape velocity. 

c. NEP as a reusable trip for b.osynchronous missions will provide 
approximately a factor of 4 lar'>er payload to geosynchronous orbit than 
a chemical propulsion system, ine round trip with NEP, however, takes 
slightly over 100 days. If payload delivery rate is compared over a 
large number of flights, the Shuttle with NEP tug will deliver payload 

at approximately 50Z of the cost of using a chemical propulsion tug. { 

d. A ground prototype test is required, although it may also be desirable 
to have a short powered flight system test in space. 


TO BE CARRIED TO LEVEL 7 





DEFINITION OF TECHNOLOGY REQUIREMENT 


1 . TECHNOLOGY REQUIREMENT(TITLE): MPD Thrust Subsystem PAGE 2 OF 3_ 

Technology 

7, TECHNOLOGY OPTIONS: 

Because of the high energy mission capability of NEP, large orbit plane 
changes and orbit altitude changes may be carried out in preprogramned 
sequences to deliver a variety of payloads to a variety of destlnatlors 
within a single round trip, or to deliver a large payload to a single 
destination. Exhaust velocity is expected to be readily variable to 
provide any changes that may be required by the mission. 


8. TECHNICAL PROBLEMS: 

a. Subsystem definition 

b. Efficiency optimization 

c. Power processing for variable exhaust velocity 

d. Theribal design of thruster anode 


y. POTENTIAL ALTERNATIVES: 


Ion engines may be used, at considerable increase of system mass, 
complexity, and cost. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 


Without special effort by Ni.SA, this advancement would not occur. 


EXPECTED UNPERTURBED LEVE^ _2 

11. RELATED TECHNOLOGY REQUIREMENTS: 

This technology requires the availability of a nuclear power subsystem 
technology to accomplish the stated missions. It may also require further 
development of robotics and teleoperator technology for rendezvous and 
docking, payload servicing and/< * deployment, etc. 
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DEFINITION OF TECHNOLOGY HEQUIUEMENT 


1 . TECHNOLOGY REgUlHEMENT mTLE^r MPP Thrust Subsystem PAGE 3 OF 
Technology 


; TECHNOLOGY REQUIREMENTS SCHEDULE; 

CALENDAR YEAR 


SCHEDULE ITEM 


TECHNOLOGY 

1. Analysis /Design 

2. Fabrication 

3. Test 

4 ^ Documentation 


APPLICATION 

1. Design (Ph, C) 

2. Devi/ Fab (Ph. D) 

3. Operations 


. US/ GE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF LAI N('PKS 


14 REFERENC. 




15. LEVEL OF STATE OF ART 

1. mSlC PHKNOMtNA HVk I) AND HFIViUTKO. 
a. THEORY EOHMI LATtl) TO DlSt KtBi: PID NOMI NA. 
rrfroit^ nv * xpikiment 

OH MAllDMArK AI- MOPI 

4 . ?EHT:M N f u SI’ TiON oil niAIUi rEHlSTir w monstrated. 
E.C.. MATIULU., ( I 


s, COMkONl'NT on tmtADPOAKD i LSTED IN M I EVANT 

RNAIKONMEN I IN TNI LAIIOKAIOHY . 

•. MODEL TESM D IN AlRCKAf 1 I NVIRUNMI NT 
T. MODEL TE^ri l> iS SPA(’> t.NVIH^ LNMENl 
I. NEW CAPAIU! ;"»*Y IK Hi Vi I) HIOM A M‘N t! ! » S&KH 
OPERA1 ION A I. MODLI,. 

t. Ri:LLAnil.lT\ UpoKADIV t»l AN 4>Pi RA . I« S Al M(M>EL. 

10. LIFETIME I.XTEN.SION OI AN n|l H<\llON ‘ L. 
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DKFINITION OF TECHNOLOGY REQUIREMENT 

1. TECHNOl.OGY REQUIREMENT (TITLE): Solid Core Nuclear PAGE 1 OFJL 

Rocket Te chnology 

i 2. TECHNOLOGY CATEGORY: Propulsion 

:J. OBJECTIVE/ ADVANCEMENT REOIIiriEnr An assessment of applications to 
combined hlgh-thrust/low-thrust missions is to be accomplished. 


1. CURRENT STATE OF ART: 


^ HAS BEEN CARRIED TO LEVEL _5 

3. DESCRIPTION OF TECHNOLOGY 

A direct heating, solid core, nuclear rocket technology would provide high 
thrust upper stage propulsion at a hydrogen exhaust velocity approaching 
10 km/s. This should be assessed in combination with low^thrust propulsion, 
as a dual-mode system or a separate NEP system. 


P/L REQUIREMENTS BASED ON: □ PRE-A,n A,n B,n c/d 
( i. RATinNALE AND ..NALYSIS: 

This technology, because of its high thrust characteristic, perhaps ought 
to be re-evaluated in the light of other advanced technologies more recently 
being advocated* The advantage of relatively high exhaust velocity, 
however, appears to be partially offset by the large hydrogen tankage 
requirement. Possible combined high- thrust missions have not yet been 
explored within the context of planned STS capabilities. 


W TUB 
POOH 


TO BE CARRIED TO LEVELN^ 


HJiSPRODUClB;ulTY < 

ORIQINAL PAGS 0 


124 



DEFINITION OF TECHNOLOGY REQUIREMENT 

1. TECHNOLOGY REQUIREMENT (TITLE). Fluid PAGE 1 OF 1 

Core Nu c l ear Propulsion Technologj 

2. TECHNOLOGY CATEGORY: Propulsion 

:L objective/ advancement REOmREDr 1o complete the experimental 

characterization and the conceptu al design of a high temperature plasma core 
nuclear rocket system. 

4. CURRENT STATi: OF ART; Basic and applied research Is being conducted into 
the fluid flo w a nd heat transfer of plasma core reactors. 

HAS BEEN CARRIED TO LEVEL 

3 . DESC' RI I ’TK )N ( )F TEC 1 INOLOGY 

Large, very high temperature, fissioning plasma cores in nuclear reactors 
have the potential capabilities of producing high thrust- to-mass propulsion 
at exhaust velocities up to 50 km/s. Such systems require the storage and/or 
recirculation of fissionable materials outside the reactor, and a fairly 
complete separation of fluid flow between the hydrogen propellant and the 
fissioning plasma within the reactor core. Both the "open cycle" and 
"light bulb" concepts of the plasma core nuclear rocket require evaluation 
Hot nuclear fuel is confined in the reactor cavity and separated from walls 
and structure by the flow of a buffer gas. There are two basic schemes: 

In the coaxial flow or "open cycle" device, the buffer gas is to intercept 
the opuical radiation from the fissioning plasma. It is thus heated and by 
expansion through a nozzle, it produces thrust. In the nuclear "light bulb" 
engine, the plasma fuel and buffer gas are contained in a transparent 
cylinder. Radiation from the plasma heats up a propellant flowing about the 
nuclear "light bulb". 

P/L REQUIREMENTS BA SED ON: g] PRE-A.Q A.Q B.Q C/D 

(). RATIONALE AND ANALYSIS: 

V .large, high energy manned missions, such as manned planetary 
expeditions may be expected sometime beyond the year 2000. Such missions 
will require some combination of high thrust and high specific Impulse 
propulsion. It is therefore important to carry the plasma core nuclear 
propulsion to the point of validated conceptual design in order to allow 
a fairly comprehensive comparison with other systems which have been carried 
to a higher level of the state of the art. Further need for techno log ' 
advancement can then be assessed. 


TO BE CARRIED TO LEVEL 3 
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DKFINITION OF TECHNOLOGY REQUIREMENT 


NO. II-B 


1. TECHNOl.OGY REQUIREMENT (TITLE): Nuclear Fusion PAGE 1 OF 1 

Pro pul s ion 

2 . TEC11N01A)GY CATEGORY: Propulsion 

:L OBJECTIVE/ ADVANCEMENT RECJIITRED- A continuing assessment Is needed of 

high-energy fusion research as t he phenomena move toward experimental 

demonstration. 

. CURRENT STATE OF ART: 

HAS BEEN CARRIED TO LEVELS 

3. DESCIUl>Ti()N OF TECHNOLOGY 

A number of concepts have been proposed for the use of nuclear fusion to 
generate thurst. They presently include microexplosion concepts (laser 
generated) and controlled thermonuclear reactors (CTR) . These concepts 
represent a future opportunity to obtain much higher energy densities than 
by nuclear fission, and thereby represent a follow-on technology of 
potential importance. 


P/L REQUIREMENTS BASED ON; 0 PRE-A.Q A,Q B.Q C/D 
«. RATIONAI.E ANP ANALYSIS: 

Fusion energy systems represent the first possibility for space exploration 
well beyond our Solar System. Such missions are beyond the year 2000, but 
represent, to some extent, an important aspect of future planning. At this 
time NASA represents a technology observer and planner rather than an active 
participant. 



TO BE CARRIED TOLEVEL^ 





DEFINITION OF TECHNOLOGY REQUIREMENT 


TECHNOLOGY REQUIREMENT (TITLE): Combined Radioisotope i>AGE 1 OF 

Thermoele ctrlc/Propulslon Module 

TECHNOLOGY CATEGORY: Propulsion _ 

OBJECTIVE /ADVANCEMENT REQTITRF.n- To utilize the direct heating 

capability of a radioisotope thermoelectric generator for propulsion 


performance enhancement. 


CURRENT STATE OF ART: Isotopic thermoelectric generators have been buil t 

for flight. Radioisotope heating of propellant has been done on a laboratory 


scale. They have not been combined. HAS BEEN CARRIED TO LEVEL _3 


DESCRIPTION OF TECHNOLOGY 

At present thermoelectric generators and propulsion systems are designed 
as separate systems for a particular mission. Some types of auxiliary 
propulsion are significantly enhanced by additional heat Input. The 
required advancement Is to produce an Integrated system. Ihe technology 
needed Is basically existent but a great deal of effort is required In the 
design stage to marry the two technologies. 


P/L REQUIREMENTS BASED ON: Q PRE-A.Q A.Q B.D C/D 


RATIONALE AND ANALYSIS: 

a. An increase in propulsion system efficiency by utilizing "waste" heat 
from an RTG would reduce total spacecraft weight, a factor of 
particular Importance on deep space m-*ssions where RTG units are 
typically applied. 

b. The technology would be applied to earth orbit and interplanetary 
missions for which RTG units are required. 

c. The radioisotope thermoelectric generator Is typically applied to deep 
space missions where any extentlon of mission life time is of great 
value. Increased performance of the auxiliary propulsion system extends 
useful mission llfe-tlme and/or capability by conserving propellant. 

Some types of sensors are incompatible with high energy propellant 
exhaust products and force the use of cold gases. Auxiliary heating can 
more than double the specific Impulse In these cases. 

d. Breadboard system level testing In vacuum. 


TO BE CARRIED TO LEVEL 5 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


1. TECHNOLOGY REQUIREMENT(TITLE): 
Themoelectrlc/Propulslon tfodule 


. TECHNOLOGY OPTIONS: 


8. TECHNICAL PROBLEMS: 

Thermal t<:inslents may produce structural problems. Reducing thrust chamber 
size for efficient attitude control pulses is of concern. Transient 
depression of electrical output may be a problem. 


!). POTENTIAL ALl’EUNATIVES: 


Use the less efficient electrical output for ohmic heating of the propellant. 


10. PI.ANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT; 


Technology will not advance without NASA resources. 


EXPECTED UNPERTURBED LEVEL 


11. RELATED TECHNOLOGY REQUIREMENTS: 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. II-C 


1. TECHNOLOGY REQUIREMENT /TTTLEL Combined Radioisotope, PAGE 3 OF 
Thermoelectric/Propulsion Module 


12. TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 


SCHEDULE ITEM 


TECHNOLOGY 
1. Analysis/design 

•> Fabrication 




APPLICATION 

1. Design (Ph. C) 

2. Devi/ Fab (Ph. D) 

3 . Operations 


USAGE SCHEDULE: 


TECHNuLOGY NEED DATl 


NUMBER OF LAUNCHES 


H. REFERENCES: 



LEVEL OF STATE OF ART 

1. nAsir pHKr.oMi NA oivseiivu) a.nd urroRiKD. 

2. TIIKOKY TO DtM KIMF IMIKNOMENA. 

3. THKoro TKS|T:I) nv PHYMrAI. I XPLKIMKNT 

OK .\U1I1KMATICAL MODI 1.. 

4 . PKHTIM N f 1 1 NI'TlON OU t'HAIlAC TF.rilSTlC DKMONSTRATED, 

E.O.. MATKKIAL. roVPONKNT. KlC'. 


5 . COMPONFNT OR RREAOBOARD TtSTLD IN RELEVANT 
ENVIRONMENT IN TNK LAROR\'I'C»RY. 

«. MODEL TESTED IN AIRCRAI-T tNVlKONMfNT. 

7. MODEL TES^rLD IN SPACE ENMROSMENT. 

B. NEW CAPAmUTY DLRm:D FROM A MUCH LESSER 
operational MODLL. 

9. RELIABILITY UPORADINC OF AN OPERA I'loNAL MC ^:L. 
10. LIFETIME EXTENSION OF AN OIL RATION O. MODEL. 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. IH-A-(l ) 

1. TF.CHNOI or.V REQUIREMENT (TITT.E)- Direct Heated Laser and PAGE 1 OF _L 
; Microw ave P ropulsion 

i 2 . TECHNOLOGY CATEGORY: Propulsion 

;L objective/ advancement RECJUTREn- Evaluate concepts and establish 

potential of propulsion by heating of propellants by a laser bqam 

transmitted from an external source. 

^ y Ol' AHT' Possible §as phase absorb t ion mechanisms analyzed* 


HAS BEEN CARRIED TO LEVEL 3 


3. DESCM{II>TI()N OF TF.CHNOLOGY 

The major technology areas include appropriate laser systems, beam 
transmission phenomena, laser-beam receiver systems, conversion of laser 
beam energy to sensible propellant enthalpy, and viable thruster designs* 
Preliminary analysis of ene gy absorbtlon mechanisms and propellant 
stability in the thruster is complete. Preliminary absorbtion/f low 
visualization tests near completion. Complementary analytical and 
experimental evaluation of high powe**' laser systems is in progress. 


P/L requirements based ON: Q PRE-A.Q A.Q B.Q C/D 
(L RATIONAI.E AND ANAT.YSIS: 

a) The exact specifications on the technology performance parameters will 
be determined by the analytical and experimental studies of the various 
elements of this technology area. 

b) A broad class of missions would benefit from the promise of greater than 
IdOO sec. impulse propulsion without a requirement of on-board 
propulsive power. 

c) This is an opportunity driven technology. 


HliPROUUClBiLlTY OF THE 

ORlilNAL » WOR 


TO BE CARRIED TO LEVEL 
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DEFINITION OF TECHNOLOGY REQUIREMENT 

NO.III-A-(I) 

1 TEC KNOT OGY REOUIREMENT<TITLEl ; Direct Heated Laser and 
Microwave Propulsion 

_ PAGE 2 OF 

7. TECHNOLOGY OPTIONS: 


The system trades and sensitivities ’’ill await definition of basic technology 
performance parameters and feasibility analysis. Trades will exist for the 
source of the energy (eg.: space, aircraft, and earth); propellant type; 

laser beam generator (efficiency, lifetime) and beam characteristics; and 
on-board thrust subsystem characteristics (such as thruster temperature 
limits) . 


8. TECHNICAL PROBLEMS: 

1. Propellant absorbtlon, propogation, generation, and steering of the 
laser beam. 

2. High temperature thrusters. 

3. Laser optics systems. 

1). potential ALTERNATIVES: 

In the area of beamed energy a ’“^tential alternative is to utilize on-board 
devices to connect the beams to electrical power for subsequent use in an 
electric propulsion system. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT; 
RTOP 506-21-40 "Laser Propulsion Technology" 


EXPECTED UNPERTURBED LEVEL 4 

11. RELATED TECHNOLOGY REQUIREMENTS: 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. lll-A-(l) 


1. TECHNOLOGY REQUIREMENT mTLE^; Direct Heated Laser an d PAGE 3 OF ^ 
Microwave Propulsion 


12. TECHNOLOGY REQUIREMENTS SCHEDULE: 
CALENDAR YEAR 

ttTts 


SCHEDULE ITEM 


TECHNOLOGY 
!• Element Analysis 

2, Systems Analysis 

3 ^ Preliminary Tests 

4. 

5. 


APPLICATION 

1. Design (Ph. C) 

2. Devi/ Fab (Ph. D) 

3. Operations 

4. 


to 


76 


79 


80 


81 


82 


83 


84 


85 


86 


87 


89 


90 


91 


1.!. USAGE SCHEDULE: 


“I 

TOTAL 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 


14. REFERENCES: 


15. LEVEL OF STATE OF ART 


RAsrc phknoml na oasEKvi n .and he ported, 

TIIEOHY RiRMrijlTn) TO I)ES('R!BK PIU NOMFNA. 

THKOU^ rf SIKt> BY Pl!\MrAl. KXPEK'MKNT 
OH MATHEMATIC.M. Mum !.. 

PtHTlM NT H NCTlON OR CHAHA< TERlSTir DEMONSTRATED. 
E.G., MATEULU.. tX'>'PO\ENT, Eli'. 


S. COMiK>NENTOn RREADBOARD TtSU.D IN RELEVANT 
ENVIRONMENT IN THE LAHORAIOKY. 

«. MODEL TESIED IN AIRCRAtT ENVIRONMI NT. 

7. MODEL TESTED IN SPACE ENVIRONMENT, 
fl. NEW CAPAIUUTY DERIVTO FROM A MUCH LESSER 
OPERA*’ lONAL MODLL. 

f. RELtARILITY UPGRADING OF AN OPER/\ m 'NAL MODEL. 
10 LIFETIME EXTENSION OF AN OH. RATION O. MODh L. 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. 1 

1. TECHNOLOGY REQUIREMENT (TITLE): Laser and Microwave PAGE 1 OF ^ 
Electr ic Propulsion Technology 

I 2. TECHNOLOGY CATEGORY: Propulsion 

OBJECTIVE/ ADVANCEMENT RKOIITRED; To complete the experiment al 

characterization and the conceptual design of a laser and microwave power 
transmission and conversion in space for primary electric propulsion. 

-i. CURRENT STATE OF ART: Basic and applied research is being conducted In 

visible laser and microwave power transmission and conversion to electricity . 

HAS BERN CARRIED T O LEVEL ^ 

3. DESC’RIl’TION OF TECHNOLOGY 

Visible wavelength laser energy and/or microwave beamed energy from an 
orbiting spacecraft or other remote site is transmitted to other vehicles 
(orbiting satellites or surface rovers) and is then converted to 
electrical energy and utilized for propulsion. Conceptual definition 
is required for proper evaluation of the technology. 


P/L RB:QUIREMENTS BASED ON: OPRE-A.O A,Q B,D C/D 
(). RATIONALE AND ANALYSIS: 

The proposed technology represents an opportunity among other applications • 
to utilize mother-daughter vehicle operations at the outer planets, where 
solar power is not available. In order to adequately compare this technology 
to other systems which have been carried to a higher level of the state of 
the art, advancement of the technology is required. If the resultant 
concepts are promising, further technology advancement can then be 
recommended . 


TO BE CARRIED TO LEVEL 3 




\ 
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DEFINITION OF TECHNOLOGY REQUIREMENT 




I 1. TECHNOLOGY REQUIREMENT ^T1TLE\; Auxiliary Electric PAGE l OF 3 

: Propulsion S ystem Technology with Mercury Bombardment Thrusters 

2. TECHNOLOGY CATEGORY: Propulsion 

3. OBJECTIVE/ ADVANCEMENT REQUIRED: To bring to a state of technology 
readiness attitude control and stati onkeeping systems for geosyncronous space- 

craft using mercury bombardment thrusters. 

4. CURRENT STATE OF ART: Engineering model level hardware based on extensi ve 

precurser develo pme nt and demonstration. Is In the faJrlcatlon phase. 

HAS BEEN CARRIED TO LEVEL ^ 


5. DESCRIPTION OF TECHNOLOGY 

An auxiliary propulsion system consists of a thruster, thrust vectoring 
subsystem, propellant supply and distribution subsystem, power processor and 
associated structeral and thermal control elements. The system reliability 
must be sufficient to provide efficient, light-weight geosynchronous 
satellite control over time periods up to about ten years at a specific 
Impulse of about 3000 seconds. The required system technology Is nearly all 
available and successful thruster and ongoing critical element life tests of 
over 13,000 and 20,000 hours, respectively are In progress. An engineering 
model level auxiliary propulsion system Is In the fabrlcatlc.i phase with full 
system quallflcatloti and complete lifetime demonstration of the baseline 
system scheduled for completion by the middle of fiscal years 76 and 79, 
respectively. Minor redesigns to provide for optimal system performance for 
a variety of spacecraft concepts are under development. 


P/L REQUIREMENTS BASED ON: □ PRE-A.Q A,D B,D C/D 

(). HATH )N A l.K AND ANALYSIS: 

a) The baseline auxiliary propulsion system values of specific Impulse 
( t 3000 seconds) thrust ('tlmlb.), propellant loading, and thrust 
vectoring capability were selected as optimal for north-south station- 
keeping of a large class of geosynchronous satellites less than about 3000 
kg In mass which utilize solar power for thruster operation. 

b) In general, long life advanced geosynchronous satellites will benefit from 
this technology. The majority of the applications are for on-orblt 
stationkeeping operations In the disciplines of Earth Observation, 
Communication and Navigation, and Non-NASA/Non DoD Payloads. 

c) As an example of mass savings, the use Ot Ion thrusters reduces the 
satellite control propulsion system from 21 to 10 percent of total space- 
craft seven year mission with larger proportional saving arising for 
longer missions. In addition, the low levels of finely controlled thrust 
allow for more control precision. 

d) This technology should be carried to an experimental demonstration on an 
automated spacecraft or on an early shuttle flight. 

TO BE CARRIED TO LEVEL 


I 
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DEFINITION OF TECHNOLOGY REQUIREMENT 

1. TECHNOLOGY REQUIREMENT(TITLE); Auxiliary Electric PAGE 2 OF i. 

Propnlalon System Technolosy with Mercury Boinbarc lent Thrusters 
7. TECHNOLOGY OPTIONS; 

Design at a'^-proxlnately twice the baseline thrust level ot optimize system 
performance with a battery power source Is possible. 

Redesign of power processor to take advantage of high voltage solar arrays 
is possible as the operating concept has been demonstrated. 


«. TECHNICAL PROBLEMS: 

1) Potential 5 on beam/spacecraft interactions for body mounted thrusters. 

2) Possible structural/dynamic problems for end of the array mounted 
thrusters. 


•J. POTENTIAL ALTERNATIVES: 

In the range of specific Impulse greater than about 800 seconds, no alternate 
technology options to some form of electric propulsion presently exlrt or are 
proposed for auxiliary propulsion (Reference 1) . Two other electric 
propulsion systems — electron bombardment thrusters using cesium propellent 
and colloid thrusters — are presently under development. The former is 
generlcally quite similar to the mercury bombardment systems while the 

latter (colloid) operates at a specific loq>ulse of about half that of the 
mercury systems. 

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCTME MT: 

RTOP 502-22-11 "Auxiliary Propulsion Ion Thruster Technology" 

NASA Resources are required for advancemot of technology beyonv' present 
STATE of ART. 


expected unpertu rbed LEVEL _5 

11. RELATED TECHNOLOGY REQUIREMENTS: 

Guidance, Navigation and Control for low thrust propulsion systems. 



$ 


I 


t 
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DKFINITION OF TECHNOLOGY REQUIREMENT 




1 . TEC HN()1.(K:Y REQUIREM ENT (TITLE) : Auxiliary Electric PAGE 3 OF 

ProDulalon System Technology with Mercury Bond)ardment Thrusters 


12. TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 


SCHEDULE ITEM 

TECHNOLOGY 

1. 

Analyals/Deslgn 

o 

— * • 

Fabrication 

3. 

Test 

4. 

1 

5. 


APPLICATION 

1. 

Design (Ph. C) 

2 

“ ■ 

Devi/ Fab (Ph, D) 

4. 

i 

Operations 


15. LEVEL OF STATE OF ART 

1. BASIC PHKNUMLNA Olt>l HVI I) ANU HF I’OIITFD. 

i. TiiroKY KouMi LAi r*) TO i>i SI i;jm vm somi na. 

3. THKoit'i r^Sn!>D\ PHYMrAL I Xin.KlMtNT 

OH .\Uim M\TIl A! Moni I.. 

4 . rtHVIM M U Nt TION OH CUAKAI TtKlSTlC DKMONSTRATKO, 

r.C,. MATIUIVI., CT'^■I*O^^^T, . 



.5. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMHFR OF LAUNCHES 


11. REFERENCES: 


1) Outlook for Space. A Forecast of Space Technology 
July 15, 1975 


original PAGB » POOR 


t. COMlOSI NT on HHEAl) BOARD 1 LSTED IN RELEVANT 
E^’VlHONMFN^ IN TIU LAHORMXDHY. 

«. MODEL TESTED IN AIRCRAJT t N TRONM» NT. 

». MO!M.L TESTED IN SPV'E ENVIRONMENT. 

I. NEW CAPAmUTY l\ i TD tHOM A V»rOt LESSER 
OPERAT lONAL .MOLLL. 

•, Ri:UARn.lTY UW'iRADINC OK OPERA r' NAl MODEL. 
U. UHETIME EXTENSION or AN Oi I RATIO' MODU.. 









DEFINITION OF TECHNOLOGY REQUIREMENT 

1 TECHNOLOGY REQUIREMENT (TITLE); Solar Electric Primary PAGE 1 OF 3_ 

Pr opuls io n Thrust Subsystem Technology 

; i. TECHNOl.OGY CATEG(.)UY: Propulsion 

•->BJECTIVE/ ADVANCEMENT REOUTRED! To bring to a state of technolog’ 
readiness a primary solar electric propulsion thrust subsystem utilizing 

mercury bombardment thrusters. 

L CURRENT STATE OF ART: Thruster and power processor developed to engineer - 
ing model and the rmal vacuum breadboard levels, respectively. Other system 
elements developed to at least functional HAS BEEN CARRIED TO LEVEL 5_ 
DESC RIPTION OF TEC IINOI-OGV status. 

The major elements of a SEP system are the mercury bombardment thrusters, 
power processors, propellant feed and distribution system, thrust vectoring 
system, thrust subsystem c'”‘ roller, and associated solar array power 
system. The required system characteristics Include specific impulse of 
about 3000 seconds, overall efficiency of about 65%, reliability 
commensurate with thi, ^ting times of 15,000 hours or more, and 
operational capability over the spectrum of environments from 0.7 to 4 A.U. 
The thruster has been developed to Engineering Model level with thermal and 
structural qualification and a 10,000 hour life test completed. The power 
processor has been developed to the thermal vacuum breadboard level with a 
program to provide packaged functional models in progress. A llf^htweight 
solar array concept has been developed to a demonstration level. Other 
elements require minor or no extension of existenc technology. 


p/L REQUIREMI NTS BASED ON: □PRE-A.Q A.Q B.Q C/D 
<; RA TK >NA; F AND ANALYSIS: 

a) The required baseline SEP parameterj and chaiacteristics of 3000 seconds 
specific impulse, lifetime of 15,000 hours or greater, input power and 
thrust capability, and efficiency and mass goals of 657 and 12 kg/kw 
respective y, are selected as optimal for satisfaction of the 
requirements of a broad set of planetary and nea^ earth missions. 

b) In general, planetary and near earth missions characterized by high 
energy and/or high performance requirements are strongly benefited by 
the use of a high specific Impulse propulsion system. Examples of sucii 
missions are: interplanetary transport such as comet rendezvous and 
out-of-the-ecliptic missions; and transportation and on orbit operations 
missions which utilize shuttle capability. 

c) Significant payload and performance benefits accrue with the use of this 
technology for high energy performance sensitive missions. 

d) This technology should be carried to an experimental demonstration on an 
automated spacecraft or on an early shuttle flight* 


TO BK CARRIKI) TO l.KVKL _7 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


1 TECHNOLOGY REOUIREMENTITITLEI: Solar Electric Primary 
Propulsion Thrust b system Technology 

_ PAGE 2 OF ^ 

7. TECHNOLOGY OPTIONS: 


In the advent of substantial reductions in power source specific mass the 
optimal specific impulse would increase with subsequent propellant savings. 
Increases of up to about a factor of 2-3 could be achieved without major 
technology effort except in the power conditioning interface between power 
source and load. 

Significant (15%) reductions in thrust subsystem mass could be expected if the 
thruster high voltage requirements were provided directly without power 
conditi.>. ing via . nigh voltage solar array system. In addition, use of an 
alternate power source, such as nuclear, would greatly expand the thrust 
subsyste.^ a very attractive transportation stage for very large space systems 
such as SPS (REF. 2). 


8. TECHNICAL PROBLEMS: 

1) Spacecraft Integration. 

2) The target of 12 kg/kwe. 


y. POTENTIAL ALTERNATIVES: 

1) Use of light fuels instead of mercury. 

2) Use of magnetoplasmadynamic (MPD) thrusters with reduced efficiency. 


Ij. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 
RTOP 506-22-30 "Prime Propulsion Ion Thruster Technology" 

The technology would not be expected to advance without NASA resources. 


EXPECTED UNPERTURBED LEVEL ^ 

11. RELATED TECHNOLOGY REQUIREMENTS: 

Guidance, navigation, and control for low thrust systems. 

Structural dynamics of large flexible spacecraft. 

Thermal control of large power systems. 


1 / 
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Dt:i'L\lTR)N t)l' TECHNOl.OGY REQL?IHEMENT 


ra;-TTTB 



1. TECHNOLOGY REQUIREMENT ^TITl.EL Solar Ele ctric Primary PAGE 3 OF J 
Propulsion Thrust Subsystem Technology 


13. TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 


SCHEDULE ITEM 


fECHNOLOGY 

1. Analysis /Design i 

2. Fabrication 

3. Test 

4. Documentation 


APPLICATION 

1. Design (Ph. C) 

2. Devi/ Fab (Ph. D) 

3 . Operations 


USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 


M. REFERENCES: 



LEVEL OF STATE OF .ART 

1. BASIC PHKNOMKNA OR'-LKV ) aNI) 'iFl'OUTKD. 

2. TIIFOKY FOHMCl-ATFD TO PHI NOMKNA. 

3. THFnu^ Ti-sn:i)n\ ph\ mi'al » xpi.kimknt 

OH .MAIIIFMATICAI. MUPI I . 

4 . PKHTIM N r K NCTlON OU CHAHAt Tf lUSTIC DKMONSTRATED, 

F.G., MATKKUL. (\'^•pO\K^ t, pir. 


5 . COMPONENT OR RREADBOAHD TtSTtn IN RELEVANT 

ENVIRONMENT IN THE LAIORXIOHY. 

6. MODEL TESTED IN AIRCRAI-T ENVIRONMI NT. 

7. MODEL TESTLD IN SPACE ENVIRONMENT. 

8. NEW CAPABILITY DI.RIVT.D FROM A MUCH LESSER 

OPERATIONAL MODLL. 

9. REUARIUTY UPC.RADINC OF AN OPERA TU 'NAL MODEL. 

10. LIFETIME EXTENSION OF AN OI L RATION O. MODKL^ 


I 
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DEFINITION OF TECHNOLOGY REQUIREMENT 





1 . TECHNOLOGY REQUIREMENT (TITLE); Primary Electric PAGE 1 OF _3_ 

P ropulsio n (SE P) with Low-Me I ecu ! a r Weight Propellant Bombardment 
Thrusters 

2. TTGHnOi.(K;Y CATEGORY: Propulsion 

3. OBJECTIVE/ ADVANCEMENT REOTITRED- Provide the technology for an 

efficient high specific impulse electric propulsion system for very large 


space systems in near earth environment using low cost, plentiful, inert fuels 


4. riiHRFNT STATE OF ART- Thruster operation has been demonstrated with a 




es of thrusters. 


HAS BEEN CARRIED TO LEVEL 4 


I. DESC'UIPTION OF TECHNOLOGY 

The major elements of a primary electric propulsion system with L.M.W.P. 
bombardment thrusters are the bombardment thrusters, power processing, 
thrust vectoring equipment, propellant supply and distribution system, 
thrust subsystem controller, attitude control system, and power source. The 
major technology requirements beyond those for a mercury bombardment thrust 
subsystem (reference 1) are the development of an optimally sized efficient 
long-life light fuel thruster; suitable scaled or modified power processing; 
propellant supply and distribution system; and, for some applications, 
development of new power source. Lifetime requirements are likely to range 
up to 5 years or more dependent upon the particular application (reference 
2 ). 


P/L REQUIRKMI NTS BASED ON: ia PRE-A,n A,n B,n c/d 


C. RATK )NALF AND ANALYSIS: 

a) The selection of plentiful, low cost, and inert propellant is based on 
the requirements for an orbit oerations and transportation of proposed 
very large near-earth missions using shuttle capability. In these 
applications, large amounts of power are available for propulsion system 
and overall system performance is strongly optimized by operation at 
specific Impulses well in excess of that available from chemical 
propulsion systems. 

b) This technology would benefit the low earth to geosynchronous orbit and 
on-orbit operations propulsion systems for very large near earth space 
systems which result from full application of shuttle capability. 

c) Operation at high specific Impulse would be expected to significantly 
decrease propellant requirements for both transportation and on-orbit 
operations. An increase of the geosynchronous orbit payload capability 
of a shuttle based system is estimated in one application to be a factor 
of 9 (reference 2), at some expense in flight time. 

d) This technology should be carried to an experimental demonstration on an 
early shuttle flight. 


TO BE CARRIED TO LEVEL _7_ 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 


1 . TECHNOLOGY REQUIREMENT(TITLE); Primary Electric Pro> PAGE 2 OF 3^ 
pu I 5 icn ( SEP) w i th Low-Mo I ecu I a r Weight Propellant Bombardment Thrust e 
7 . TEC HNOLOGY OPTIONS: 

A wide range of specific impulses are available from a developed system 
without significant impact on the technology baseline. A baseline system 
could therefore provide optimal specific impulse for low earth orbit to 
geosynchronous transportation and on-orbit operations of very large space 
systems. Operation on new improved power sources would not change the 
required thruster, propellant supply and distribution system, thrust 
vectoring or thrust system control system technology. 


8. TECHNICAL PROBLEMS: 

1. Achievement of a high efficiency, long life, low-molecular-weight 
propellant require some redesign of the baseline mercury bombardment 
systems. 

2. Thermal control of the thrust subsystem would be difficult and probably 
require the use of heat pipe and other emergent technology. 

3. Propellant supply and distribution sys em. 

!J. POTENTIAL ALTERNATIVES: 

1. Use of a raagnetoplasmadynamic thruster. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 
RTOP 506-22-40 "Ion Thruster Research" 

The technology would not be expected to advance without NASA resources. 


EXPECTED UNPERTURBED LEVEL ± 

11. RELATED TECHNOLOGY REQUIREMENTS; 

Guidance, Navigation and Control of large/flexible spacecraft using low 
thrust. 

Structural dynamics of large/ flexible spacecraft. 

Advance thermal control and power distribution technology. 


s 


t 
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DEFINITION OF TECHNOLOGY REQUIREMENT 




1 . TECHNOLOGY REQUIREMENT mTT.EV Primary Solar E I e^- PAGE 3 OF 
trie Propu I s ion (SEP) with Low-Molecular Weight Propellent Bombardmen- 


1 ^*? ^ Wc®HNOLOGY REQUIREMENTS SCHEDULE: 


CALENDAR YEAR 


SCHEDULE ITEM 


TECHNOLOGY 

1. Analysis/Design 

2 . Fabrication 

3. Test 



APPLICATION 

1. Design (Ph. C) 

2. Devl/Fab(Ph. D) 

3 . Operations 


i;;. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 


14. REFERENCES: 

1. Definition of Technology Requirements for Primary Solar Electric Propulsion 
(SEP) with Mercury Bombardment Thrusters. 

2. Satellite Solar Power Station Study 

Arthur D. Little, Inc., Gruman, Spectrolab, and Raytheon. Feb. lA, 1973 
NAS 3-16804 

3. Outlook for Space. A Forecast of Space Technology, Final Draft July 15, 
1975. 


15. LEVEL OF STATE OF ART 

1. BASIC PHENOMENA OBSERVED AND HEPORTED. 

2. THEORY fOUMl'LATED TO DESCRIBE PHENOMENA. 

3. TOFOIU TKSTKD DY PHYSICAL rXPERIMKNT 

OK MATH K METICAL MOOFL. 

4 . PtHTINKNT UNCTION Oil CHARACTERlSTir DEMONSTRATED, 

E,C.. MATERIAL, COVPONENT, ETC. 


S. COMk*ONFNT OR BREADBOARD TESTED IN RELEVANT 
ENVIRONMENT IN THE LABORATORY. 

MODEL TESTED IN AIRCRAFT ENVIRON.MENT. 
t. MODEL TESTED IN SP.ACE ENVIRONMENT. 

S. NEW CAPAHILITY' DLR1VED FROM A MUCH LESSER 
OPERATIONAL ..10DEL. 

f, RELIABILITY UPGRADING OF AN OPERATIONAL MODEL. 
10. LIFETIME EXTENSION OF AN OrtR ATION.VL MODEL . 
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DEFINITION OF TECHNOLOGY REQUIREMENT Nf^ 


1. TECHNOLOGY REQUIREMENT (TITLE): Solar Heated PAGE 1 OF 3 

Propulsion 


2 . TECHNOLOGY CATEGORY: Propulsion 

:L OBJECTIVE/ advancement REQUIRED; High Performance, low cost rhP1T'^ra^ 
system for transporting payloads from low earth orbit to geosynchronous orbi t 

and beyond. 

4 . C U RREN T STA TE O F A RT ; Feasibility study has been performed by TRW that 

shows system to be promising as competitor t o SEP for the tvpps of tn^fia^r.na 

mentioned above . HAS BEEN CARRIED TO LEVEL ^2 


5. DESCRIPTION OF TECHNOLOGY 

A propulsion system has been postulated by TRW that utilizes a solar 
collector to concentrate thermal energy for direct, heating of stored LH 

for propulsion. Further studies are needed to evaluate the concept, ^ 
perform trade studies, and provide preliminary design of the optimum system. 
If the approach looks promising, component development activities would be 
undertaken on the solar collector and receiver, fluid storage and transfer 
systems, and the main propulsion engine, followed by systems tests. 


P/L REQUIREMENTS BASED ON: □ PRE-A, □ A.n B,n C/D 

(>. RATIONALE AND ANALYSIS: 

(a) Critical parameters are dependent upon the system design selected, but 
would generally Include system operating pressures, thrust level, and 
total delivered Impulse. 

(b) Application Is for transport of payloads from low earth orbit to 
geosynchronous orbit or to escape velocity. 

(c) The advantages of this approach are simplicity and low development cost 
compared to an SEP or a high thrust chemical propulsion system. 

(d) Technology should be carried through systems level testing In a thermal/ 
vacuum chamber to fully demonstrate maturity and readiness for use. 


TO BE CARRIED TO LEVEL 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO.III-B-(2] 


1 . TECHNOLOGY REQUIREMENT(TITLE): Solar Heated H, PAGE 2 OF 

Propulsion 



8. TECHNICAL PROBLEMS: 

The principal technical problems are related to structural design of the 
lightweight solar collector, design of the solar energy receiver, routing 
of heated gaseous hydrogen to attitude control thrusters, the main thruster 
design, and long life hot gas control valves. 

y. POTENTIAL ALTERNATIVES: 

Alternative methods of performing the missions are solar electric propulsion 
(SEP) systems and high thrust chemical stages like space tug. 

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 
Unperturbed Program - Technology will not advance without NASA resources. 

expected UNPERT URBED LEVEL £ 

11. RELATED TECHNOLOGY REQUIREMENTS: 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 


1 . TEC HNOI.CK Y REQUIREM ENT (TITLE) : Solar Heated 

Propulsion 


12. TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 


PAGE 3 OF _L 





SCHEDULE ITEM 


TECHNOLOGY 

1. System Studies 

2. Preliminary Design 

3 . Detailed Design/ 
Fabrication 

4. Component Tests 

5. System Tests 


APPLICATION 

1. Design (Ph. C) 

2. Devi/ Fab (Ph. D) 

3 . Operations 


USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 


14. REFERENCES: 

(1) Burge, H. ; "Solar Heated Hydrogen Propulsion System for Space Tug", 
TRW Company Report, 1975. 


15. LEVEL OF STATE OF ART 


1. IlASir PHKSOMtNA OHM HVl I) ,\N1) HFrORTtD. 

2. TIIF.OHY KOllMULAlt TO DKS( K!BK I'llI NOMFNA, 

3. THFOH^ ThSTH) \\\ IMh^U'AF tXPKKIMFNT 

OH M\THF.M\TICAI. Mont I.. 

4. PFHTINFSr H NCTION OH CUAIUUTEmSTir DFMONSTRATED. 

E.C., MATEUUl.. ElO. 


ft. COMPONENT on aRE. Ml BOARD TESTED IN RELEVANT 
ENVIRONMENT IN THE LABORATORY, 
ft, MODEL TESTED IN AlRCRAI-T t NVIRONMt NT. 

T, MODEL TESTED IN SPAf’F E.NMROSMF.NT. 
ft. NEW CAPABILITY DLRtVLD FROM A M»JCH LESSER 
operational MUDLL. 

ft, REUARILITY UPC,RAI)INC OF \N OPERA Fh 'SAL MODEL. 
10. UFETIME EXTENSION OF AN Oi l. RATION O. MODEL. 


i 
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PART II CANDIDATE SPACE EXPERIMENTAL PAYLOADS 


1. INTRODUCTION 

The Part I Report (Technology Requirements) treats the justification 
for several classes of propulsion systems technologies to be pursued through 
the year 2000. The objective of the Part II Report is to introduce and 
discuss the experimental aspects of these technologies that might be ad- 
vantageously carried out in near-earth space using the Shuttle Orbiter, 
its payload bay, ';he Spacelab, and/or some free-flying device that might 
be used for long-duration testing# 

The entries discussed by the Propulsion Technology Group are shown in 
the Table of Sections whicl serves also as a supplementary Table of Contents. 
The entries are grouped in the following three categories according to the 
principal rationale for carrying out the experiments in space: 

1) The special characteristics of the space environment 
makes testing from the Shuttle Orbiter and its related 
equipment the only, or the most reasonable approach to 
obtaining data. 

2) Testing in space is expected to be more cost-effective 
than carrying out similar tests on earth# 

3) Tests in near-earth space provide a very close approxi- 
mation to the conditions to be encountered by operating 
systems and as such ma^ reveal unforeseen problems of 
operations in space or may otherwise provide risk 
reduction for the hardware design. In this way, space 
testing will aid in gaining user acceptance of a new 
technology# 

The objective, descriptio ', and justification for each entry are 
provided on the Definition of Technology Requirement form and on the 
second page the Future Payload Technology form. These forms are 
presented in Section 5 of this report on the pages shown in the following 
Table# The forms were completed only as tinie permitted and as information 
was readily available# This same information is summarized in Section 4# 
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In the Case of several entries shown in the Table, propulsion-related 
technology was discussed by another Group and is presented in their final 
report# In these instances, only a summary is included in this report, 
and the Technology Group to which the item was referred is identified. 


2. TABLE OF CANDIDATE SPACE EXPERIMENTAL PAYLOADS 


Space Payload Justification Categories 
I. Space Environment Essential 
II# Space Experiment Most Cost Effective 
III. Space Demonstration to Reduce Risk 


No. 


El 


E2 

E3 


E4 


Spacecraft Charging and High Voltage Inter- 
actions with Plasma (submitted to Power 
Technology Group) 

Flight Test of 0-cm Bombardment Thruster 

High Temperature Plasma Core Reactor Fluid 
Mechanics (low-g) (submitted to Basic Research 
Technology Group) 

Vibration Test of Solid Rocket Motors 


Justification 

Cateuorv 

I 


I 

I 


I 


E5 The Storage Supply and Transfer of Cryogenic 1 

Fluids in Space (submitted to Thermal Control 
Group) 

E6 Propellant Management Device Design Parameters I 

at zero-g 

ET Thruster Induced Back Contamination I 


E6 Supercritical Combustion Measurements in zero-g I 

E9 Pulse Characteristics of Small Thrusters I 


E10 

Ell 


E12 


Flight Test of Composite Engine * 

Oeployment/Assembly and Control of Large Space I 

Propulsion Energy Sources (Solar Sails, Solar 
Energy Concentz jtors, Solar Photovoltaic Panels) 


Sublimation Properties of Solidified 
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3. SUMMARIES OF CANDIDATE EXPERIMENTAL PAYLOADS 




I. Titles 

Spacecraft Charging and High Voltage Interactions with Plasma 

II . Objectives 

Determine theory and verify by space obtained engineering data the 
interactions of charged surfaces with plasma. 

III. Descriptions 

The experiment would be a satellite launched from the Shuttle or a 
Delta with a geosynchronous to low earth orbit. The interactions 
of spacecraft surfaces in a variety of configurations and charge 
state are to be investigated. 

IV. Justification; 

A number of spacecraft have experienced interactions with ambient 
plasmas which have in some cases endangered the spacecraft. Tests 
in the actual space environment are required to accurately deter- 
mine spacecraft design criteria. 
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I. Title: 

Flight Test of 8-cm Bombardment Thruster 
!!♦ Objectiv/e: 

Demonstrate the technology readiness of the 8-cm electron bombardment 
ion thri.ster# Demonstrate the compatibility of electric propulsion 
systems with science oriented missions# Evaluate plasma interactions 
and environmental measurements# 


III# Description: 

The experiment would consist of two 0-cm ion thrusters systems with 
sufficient solar array power to operate a thruster even after array 
degradation# The thrust subsystems would be run to demonstrate 
cycle life performance equivalent to 10 years of stationkeeping# 

Other diagnostic data such as the evaluation of the impact of thruster 
operation on S-bank communications, measurement of any thruster back 
contamination, and the influence of thruster operation on particle 
and field measurements would be made# A test of solar array opera- 
tion at up to one kilovolt would be made to evaluate high voltage 
array interactions and possibly to test thruster operation off un- 
conditioned solar array power# 

IV# Justification: 

The demonstration of technology readiness of auxiliary electric 
propulsion and compatibility with communication, scientific, and 
other spacecraft systems would allow confident application of this 
technology to a large class of geosynchronous satellites and pro- 
vide large mass (or cost) savings and improved precision of control# 
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I. Title: 


High Temperature Plasma Core Reactor Fluid Mechanic (Low-g) 


II. Objective: 

To study the fluid mechanics of high density and low density flow 
separation in a low— g environment* 


III. Description: 

The open cycle plasma core nuclear rocket requires nearly complete 
separation of the flow of the propellant from the fissioning plas- 
ma* Low density propellant is expendedi while the high density 
nuclear fuel is to be retained in the core* 


IV* Justification: 

Laboratory experiments are currently significantly influenced by 
gravity* A need, therefore, exists to conduct this experimental 
research in a low— g environment* 
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I# Title: 

Vibration Test of Solid Rocket Motor 


II. Objecti^-e: 

To determine the effect of the Shuttle acoustic and vibrational 
environment on solid rocket motor integrity and the response of the 
propellant to the Shuttle vibration environment. 

III. Description: 

The early Shuttle flights could carry a small test model or motor 
with instrumentation which would provide data on the response of the 
propellant and insulation system to this environment. These data 
would then be used in future design of solid rocket kick motors. 

IV • Justification : 

It is very difficult to analyze or determine design parameters and 
the values which describe the requirements for the Vibration en- 
vironment for a viscoelastic material such as a solid propellant. 

The early Shuttle flights appear to offer a mechanism for obtaining 
tne data in a cost-effective manner. 
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!• Title: 

The Storage, Supply, and Transfer of Cryogenic Fluids in Space 
(Submitted to the Thermal Control Technology Group) 

II. Objective: 

Perform flight experiments in space to obtain techr^ology on the stor- 
age, handling, supply, and transfer of cryogenic fluids. 

III. Description: 

”In space*’ experiments will be performed to obtain data with cryogenic 
fluids such as LH 2 , CO 2 , LF 2 , LHe, and LAr. Technology related to 
propellant long term storage (tests of several days duration), receiver 
tank chilidown, propellant or fluid acquisition for pumping, propellant 
transfer including inflow/outflow problems, pressurization gas require- 
ments, pressurization system design, and vehicle reaction to propellant 
momentum change. 

IV • Justification : 

Technology in this area has been obtained on the ground in two ways: 

( 1 ) long term thermal/vacuum tests of moderate sized hardware in 
one-g; and (2) short term test (5 seconds) of small hardware in 
zero-g in drop towers and aircraft# Inspace experiments will allow 
data to be obtained under actual rather than simulated conditions of 
vacuum and zero-g using large sized hardware (e.g., 8-10 ft. diameter) 
for long periods of time. Tests will provide design data needed for 
a number of cryogenic systems for future space application. 
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Im Title: 



Propellant Management Device Design Parameters at zero-g 
II* Objective: 

Improve the analytical tools required to design surface tension type 
propellant management, pressurant, and outflow devices* 

III* Description: 

A self-contained package (including instrumentation) would be carried 
by Shuttle into zero-g environment* While in orbit, experiments would 
be conducted to obtaining design information on the interaction be- 
tween propellant and injected pressurant, effects of contamination on 
the surface tension properties of liquid propellants, wicking proper- 
ties of materials used for surface tension devices, and propellant 
outlet design for tanks in the size range of the order Im in diameter 
containing surface tension propellant management devici^. 

IV * Jus tif ication : 

Parameters required for the design of surface tension type propellant 
management devices have been based on either ground tests or results 
from drop tower tests* Neither are satisfactory in that gravitational 
effects or short time durations have clouded results* Inspace testing 
allows several types of systems to be considered whose use cannot be 
accepted because of limitations in the ability to confirm functionality 
in ground tests* 
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!• Title: 


Thruster Induced Back Contamination 


II. Objective: 

Determine far-field plume map and back contamination (including solid 
particles) from chemical and electrostatic thrusters. 


Ill, Description: 

A modular propulsion system with contamination sensors (Quartz and 
crystal microbalances) would be carried up by the Shuttle, deployed, 
fired, and measurements taken. Chemical thrusters, both solid and 
liquid (bipropellants and monopropellants), as well as electric 
thrusters would be tested in order to ascertain the degree of surface 
contamination and degradation. 


IV. Justification: 

Existing ground facilities do not have the pumping capacity to test 
large engines (up to 500 Ibf). Space provides the only adequate test 
conditions* 
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I • T itle : 


Supercritical Combustion Measurements in zero-g 


II # Objective: 

Establish supercritical droplet evaporation/combustion rates and 
flammability limits in zero-g# 


III# Description: 

A self-contained module would be fabricated after ths individual 
measuring devices are developed, checked out, and qualified# This 
module would then be mounted in the Spacelab in order to make the 
measurements described in the objective# 


IV # Justification : 

Design and development of advanced combustion systems for rocket and 
jet propulsion can be significantly aided by using computerized 
combustion models for performance prediction# However, current pre- 
diction accuracy is limited because required input data is obtained 
in thu one-g environment which precludes the separation of gravity 
effects from other convection effects and thus limits the generaliza- 
tion of the models# Experiments conducted at zero-g would eliminate 
this problem# 
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I# Title 


Pulse Characteristics of Small Thrusters 


II, Objective: 

To refine the measurement of impulse bits from small thrusters and 
thus to allow design of more efficient spacecraft attitude control 
systems. 


III. Description: 

Use an inertial reference to measure impulse bits produced by a 
thruster mounted on a free-flying platform in space. 


IV. Justification: 

All spacecraft utilizing attitude control thrusters in the low to 
high millipound thrust range and below would benefit from a more 
accurate knowledge of impulse bit characteristics from the stand- 
point of precise matching of force to control requirement and the 
related fuel savings. Resolution of impulse bit profile in ground 
test is limited by environmental noise and ground related design 
waeknesses of the thrust balance itself. 
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I* Title; 

Flight Test of Composite Engine 
II# Objectives 

Use Shuttle Oxbiter vehicle as a flying test bed for cruise mode tests 
of full scale composite engine* 

III* Description: 

Flight tests of composite engine in the atmosphere will be conducted to 
verify performance, controllability, and structural integrity of the full 
scale engine* Shuttle would be either launched vertically using smaller 
SRB’s or carried aloft by 747 aircraft* Composite engine will then be 
started and cruise mode tests conducted at high altitude and Mach number* 
Oxbiter will then land without propulsion in its normal fashion* 


IV * Justification : 

Flight test of composite engine would cost less than construction and 
operation of a ground test facility having the required capabilities of 
heated air flow and altitude simulation* Also, flight testing will allow 
greater testing flexibility and provide a more convincing demonstration 
of technology readiness than ground testing* 
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Title: 


Deployment//- jsembly and Control of Large Space Pr:-D.; ion Energy Soorces 

II. Objective: 

To verify and/or define by a sequence of ^ ; :;periments the multi- 

discipline element a : y tern technology, ‘ ir i:;'ng propulsion system 
performance parameter^i, req^i^ed fur thf' ' -yoient/assembly and control 
of large space propulsion energy sourccr * 

III. Description: 

A sequence of space experiments which would provide timely and orderly 
space verification of the system and discipline technologies required for 
large space systems. Initial experiments would be operated from the 
Shuttle based test bed and would include: testing of deployment/assembly/ 

fabrication concepts for large space systems; evaluation of potential 
materials and structures concepts to characterize such properties as solar 
flux reflection and absorption, structural static and dynamic properties 
as a function of design approach, environmental radiation compatibility; 
and verification of attitude control and propulsion subsystem designs. 
Subsequent tests would utilize a low cost free-flying test bed to provide 
a more realistic simulation of large space system on-orbit and/or trans- 
portation configurations and system characteristics. Multidiscipline 
technology would be verified and defined on an on-going basis with the 
investigation of the additional concepts of the refurbishment and resupply, 
assembly, and control of a free-flying large space system. 

IV. Justification : 

The technology for the successful exploitation of large spact systems 
remains largexy undefined and/or undemonstrated. An on-going space ex- 
perimental program to define and/or verify systems designs including that 
of the propulsion subsystem would be required to provide timely, op+imal, 
and highest reliability use of large space systems. 
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!• Titles 

Sublim tion Properties of Solidified Propellants 


II« Objectives 

To evaluate the effects of zero-g on sublimation rates and hear transfer 
of selected solidified propellants to allow better prediction of the 
performance of sublimation sensor coolers/propellant supply systems in space* 


III* Description: 

Appropriate tanks containing candidate propellants cooled to the solid 
state are tested in the laboratory to establish baseline performance for 
comparison with subsequent similar tests carried OLt in the zero-n space 
environment* Typical propellants to be considered are methane an ammonia* 

IV. Justification: 

Gravitational effects of convection and forced contact of the solid with 
the container are not succoptable to reasonable calculation when atterup ting 
to extropolate the calculation of heat transfer/sublimation rates in 
zero-g space* Sensor cooling by a sublimating frozen substance is one of 
the simplest methods being proposed* The sublimated gas could be used to 
fuel the attitude control system thus permitting a combined function 
system with the attendant simplification and probable cost savings* 
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I, Title: 


Flight Test of Solar Electric Propulsion Thrust Subsystem 


II. Objective: 

To verify and characterize by flight test the performance parameters, 
interfaces, lifetime, and reliability of a solar electric prime propul- 
sion thrust subsystem. To provide baseline electric propulsion parametric 
data to allow extension of this technology to use with large space systems 
for transportation and on-orbit operations* To utilize the unique electric 
propulsion mission characteristics to provide new or extended scientific 
and engineering information concerning near-earth and other solar system 
phenomena. 


III. Description: 

The experiment would contain an array of 30cm bombardment thrusters, 
power processing units, thrust vectoring mechanisms, electrically iso- 
lated propellant supply and distribution system, thrust subsystem 
controller, appropriately scaled solar array, attitude control system, 
and scientific and diagnostic engineering data systems* Dependent upon 
NASA and other priorities, a potential first mission could be carried 
out on a low cost test bed launched from the Shuttle or a free-flying 
out-of-the ecliptic probe launched from the Shuttle to provide both new 
scientific and the required subsystem engineering data* 


IV* Justification: 

The benefits of a high impulse, high performance propulsion system for 
a broad set of high energy missions has been well documented in many 
studies. A flight test of the thrust subsystem would: (l) verify and 

extend the ground-based technology readiness status of electric propulsion, 
(2) provide sufficient parametric data for the low risk extension of the 
baseline technology to proposed future missions, and (3) return new 
scientific data which can be obtained only by a high performance propulsion 
system* 
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1 . Title: 

Flight Test of a Low Molecular Weight Propellant Bombardment Thruster 


II • Objective: 

Verify and characterize the performance parameters, lifetime, reliability, 
and interfaces of an electron-bombardment thruster operated on a low 
molecular weight propellant by a flight test on the Shuttle and a sub- 
sequent free-flying test bed* 


1 1 1 * Description : 

The test would consist of operation of a single bombardment thruster on 
the Spacelab pallet with brassboard power processing compatible with the 
Spacelab power source* A prototype thruster, thruster controller, propell- 
ant supply and distribution system, and thrust vectoring mechanism would 
be tested* The initial test would be aimed at characterizing thruster 
interfaces and verifying performance parameters obtained from ground- 
based testing* Later, a free-flying test bed launched from the Shuttle 
would be utilized to life test the thruster and other system elements 
in such fashion as to insure lower risk use of the light fuel technology 
for MPD thruster application* 


IV • Justification : 

The use of electron-bombardment thrusters using low molecular weight 
propellants would provide performance increases, reduce costs, and 
minimize environmental impact of the STS system and the propulsive 
on-orbit operations of large space systems in near-earth environment* 

In addition, this technology would provide a baseline for high specific 
impulse propulsion systems using MPD thrusters* Due to the difficulty 
and expense of ground simulation of the space environment with large 
propulsion systems, a space test is required to fully verify system 
performance parameters, interfaces, and lifetime* 
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I. Title: 

Space Storability of Solid Rocket Motors 

II. Objective: 

To demonstrate the space storability of a solid rocket motor. 

III. Description: 

It has been very difficult and expensive to provide long term tests 
which simulate the space environment to confirm the potential reliability 
of solid rocket motors, and thus it has not been accomplished. The Space 
Shuttle appears to be able to provide ready access to the actual environ- 
ment with return of the exposed test items to earth for inspection and 
tests. Test exposures need to be 1 to 5 years with samples returned to 
earth for propellant mechanical properties, bond strength, and ignition 
measurements. 

The tests should be of the margin type in which test articles are fabri- 
cated such that a failure probability of 50?5 could be expected. This 
provides the limiting data with which to design future motors. Also, 
the data would indicate the effect of combined parameters. LDEF appears 
to be suitable for this experiment. 

IV. Justification: 

The space environment has been too expensive to simulate on earth for 
long durations, and yet solid rocket motors are being proposed for use 
on planetary missions with space exposures Long duration space exposure 
can provide valuable criteria Tor the design of future imprcvad solid 
rocket motors, and reduce the risk of thu first use of solid rocket 
motors for long term space missions. 
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I • T • 

Measurement of Solid Rocket Motor Thrust Alignment 
II, Objectives 

To use 2oro-g and space vacuum to determine thrust alignment parameters 
and values* 


III. Descriptions 

Currently, solid rocket motors can be fabricated with thrust alignment 
errors which are less than our ability to measure them on the ground due 
to the one-g field and interactions of the thrust stand. By using an 
expanding cold gas as an experimental simulation of a solid rocket motor 
nozzle under zero-g space vacuum, the small motions can be measured and 
resolved without thrust stand or gravitational interference. 

IV. Justifications 

Filling of a nozzle during ignition and thrust build-up, and the con- 
tributors to thrust alignment are not well understood, and because of 
the dynamic nature more axe difficult to measure. Several vehicles 
have experienced large side loads during the staging or ignition phase. 

By using the Shuttle and the space environment, the increase in knowledge 
of the contributors to thrust misalignment should be greatly improved. 
This understanding will provide greater reliability and decrease the 
weight and cost of future TVC systems. 
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I. Title! 


Final Qualification Test of Hydrazine Resistojet 


II» Objective: 

To qualify a new type of thruster (hydrazine resistojet) as space proven 
hardware to make it available as a prime system component for spacecraft* 


III* Description: 

Hydrazine is thermally decomposed in the chamber of an attitude control 
size tnruster* Operation is varied by changes in heater power and pulse 
width* 


IV* Justification: 

Attitude control systems are required increasingly to perform reliably 
and repeatedly for longer periods of time with more operating cycles* 
The hydrazine resistojet has no catalyst bed and so has the potential 
for very high operating cycle life with highly repeatable pulses* The 
specific impulse is slightly higher than the equivalent catalyst bed 
thruster* The minimum impulse bit achievable approaches the size ob- 
tainable with cold gas which tends to save fuel and/or give finer 
attitude control* 

The flight demonstration will fully qualify the hydrazine resistojet 
concept for application to earth orbit spacecraft* 
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I* Title: 


Final Qualifications of an F 2 /N 2 H^ Propulsion Subsystem 


II. Objective: 

Provide final verification of design adequacy of a flightweight 
propulsion subsystem. 


III. Description: 

A small ( 700 kg) flightweight, pressure-fed propulsion subsystem with 

a thrust level of 2670N will be carried up to orbit, released, and fired. 
On-board instrumentation will be used to verify the test flight. 


IV. Justification: 

Reduce risk in order to obtain user acceptance of a new, higher-performance 
propulsion system for spacecraft propulsion. 
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!• Title; 


Final Qualfication Test of Cesium Ion Engine 


II. Objective: 

To qualify a cesium ion engine as space proven hardware to make it available 
as a prime system component for spacecraft. 


III. Description; 

A cesium ion engine should be operated in space over a large number of on/ 
off cycles, with appropriate data taken to verify proper operation. 


IV. Justification; 

A previous test of the cesium ion engine in space was satisfactory in all 
respects except for a fuel valve failure near the end of the planned test. 
The failure was attributed to zero-g effects so the qualification of the 
redesigned system must be tested in space to establish full validity. 



4. OVERALL OBSERVATIONS AND SUMMARY OF PART II 



1) The large majority, twelve (12) of the nineteen (19), items 

discussed and presented were classified in the first category: the 

special environment of space makes it the most reasonable way to perform 
the tests. 

2 ) Of these candidates for space experiments, most can be 
implemented by small experiment packages - many of which could be carried 
on a single Spacelab flight. Exceptions wherein a large portion of the 
Spacelab capability may be needed are the following: 

a) cryogenic propellant storage and transfer 

b) deployment and handling of large structures for 
sails, concentrators, and photovoltaic panels 

3) One entry in the first category (flight test of a composite 
engine) calls for the use of an airbreathing device either mounted 
external to the Shuttle or deployed from the cargo bay at high altitudes. 
The Orbiter would either be carried aloft by a 747 aircraft or launched 
vertically using SRB*s smaller than Shuttle standard. This experiment 
would involve a major interaction with the Shuttle flight. Feasibility 
of such a test could not be ascertained with the information available to 


the Group. 

4) Three candidate space experiments are listed in the second 
category. Justification is predicated on long-duration testing (up to 
years) in space-level vacuum being possibly less costly than extended use 
of the necessary vacuum facilities on the ground. Support of this justifi- 
cation would entail use of a very low-cost, free-flying platform, such as 
LDEF, which could be deposited in orbit by the Shuttle Orbiter and retrieved 
years later. Cost estimates for the extended use of a free-flying platform 


be established in order to determine if these experiments would be 
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cost effective 


5) Four Experiments 

a) Measurement of solid rocket motor thrust alignment 

b) Qualification test of N 2 H^ Resistojet 

c) Qualification of a System 

d) Qualification of Cesium Ion Engines 

were identified in the third category as being aids to gaining user acceptance. 

6) The limited knowledge within the Group of the special requirements 
to be levied on experimenters intending to fly experiments on Spacelab or 

a free-flying platform may have inappropriately inhibited the ideas generated 
for the second and third categories of justification. Future solicitations 
for candidate space experiments should be accompanied by at least rough 
estimates of the projected requirements for space testing^ including 
deliverables, safety constraints, preflight testing, and other items that 
impact the cost of utilizing the Shuttle as a test facility. 



DEFINITION OF TECHNOLOGY REQUIREMENT 


NO 


1 . TECHNOLOGY REQUIREMENT (TITLE): Too-t- nf R-rm PAGE 1 OF _4_ 

Electron Bombardment Ion Thruster (Sphinx C) 

2. TECHNOLOGY CATEGORY: Prooulaion 

:}. OBJECTIVE/ ADVANCEMENT RKQIITRED* Demonstrate technology readiness and 

compatibility/ with spacecraft systems and fun ctions of the 8-cm mercury ion 

thruster. 

I. CURRENT STATE OF ART: EnaineerinQ model level hardware, based on extensi ve 

precursor day/elopment and riamnnetrat.-inn is in the fabrication phase. 

HAS BEEN CARRIED TO LEVEL ^ 

5. DESCRIPTION OF EXPERIMENT: 

Test of an electric propulsion stationkeeping system launched from a Shuttle- 
lUS combination or Delta booster. Performed as a companion experiment to 
Sphj.nx B, Cycle life performance equivalent to 10 years of stationkeeping 
to be demonstrated. The compatibility of thruster operation with spacecraft 
scientific » communication, and other functions to be verified. 


P/L REQUIREMENTS BASED ONt □ PRE-A.Q A,P B.Q C/D 

«. HATH )NALE AND ANALYSIS: 

a* The values of soecific impulse and thrust level are near optimum for a 
large class of geosynchronous satellites* 

b* Geosynshronous satellites requiring precision north-south stationkeeping 
and attitude control* 

c. As an example of mass savings, the use of mercury ion thrusters reduces j 
the satellite control propulsion system from 21 to 10 percent of total 
spacecraft mass for a seven year mission with proportionally larger savings 
for longer missions* 

d* This technology should be carried to an experimental demonstration on a 
free«»flying satellite launched by a Shuttle-IUS combination or a Delta booster 


TO BE CARRIED TO LEVEL 7 
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DEFINITION OF TECHN OLOGY REQUIREMENT NO, E-2 

1 . TECHNOLOGY REQUIREMENT(TITLE): Plight Teat of an B^cm PAGE 2 OF 4. 

■I., Llartrnn Bnmharrimpint ThniRtar fSphinx C) 

7 TECHNOLOGY OPTIONS: 

Test one thruster designed to operate at approximately twice the baseline 
thrust level to optimize system performance with a battery power source is 
possible* 

Redesign of power processor or a separate experiment to take advantage of 
high voltage solar arrays is possible as the operating concept has been 
demonstrated* | , ^ 


8. TECHNICAL PROBLEMS: 

1* Potential ion beam/spacecraft interactions for body mounted thrusters* 

2* Possible structural/dynamic problems for end of the array mounted 
thrusters* 


U. POTENTIAL ALTERNATIVES: 

In the range of specific impulse greater than about 600 secondS| no alternate 
technology options to some form of electric propulsion presently exist or are 
proposed for auxiliary propulsion (Reference 1)* Two other electric propul- 
sion systems - electron bombardment thruster using cesium propellant and 
colloid thrusters - are presently under development* The former is generi- 
cally quite similar to the mercury bombardment systems* The latter (colloid) 
operates at a specific impulse of about half that of the mercury systems* 

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT^ 

FTOP 502-22-11 “Auxiliaty Propulsion Ion Thruster Technology" 


EXPECTED UNPERTURBED LEVEL 5 

11. RELATED TECHNOLOGY REQUIREMENTS: 

Guidance^ Navigation! and Control for low thrust propulsion systems* 


I 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. E-2 

1. TBTHWni nr.V RITQTltBRMRNT /T1TT.E\! Flinht Taat of an B cm PAGE 3 OF 
Flart.rnn Bnmhardment lon ThrUStBI-lSBhiaA Cl . — 


12. TECHNOLOGY REQUIREMENTS SCHEDULE; 

CALENDAR YEAR 


SCHEDULE ITEM 


75 


76 


77 


78 


79 


80 


81 


82 


83 


84 


85 


86 


87 


88 


89 


90 


91 


TECHNOLOGY 

1. Analysis/Design 

2. Fabrication 

3. Test 

4. 

5. 


APPLICATION 

1. Design (Pb. C) 

2. Devl/Fab (Ph. D) 

3. Operations 

4. 


i:5. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 


total! 


14. REFERENCES: 

1. Outlook for Space A Forecast of Space Technology 


July 15, 1975 


15. LEVEL OF STATE OF ART 

l. BASIC BHENOMKNA OI»CRVi:0 A.ND RFrORTED. 

I. theory lOKMl’UTCD TO Dt'SCItlBE PIII SOMEHA. 

S TMEOln TI.STKn DV PHYSICAL EXPEKIME.ST 
OR MATHEMATICAL MODEL. 

4. PtMTIRENT I UNCTION OB CIIARACTERISTIC DEMONSTRATED, 
E.C.. MATEIttAL. COVPONENT. ETC. 


I. COMPONENT OR RREAPBOARD TESTED IN RELEVANT 
KMVmONMCNT IN TNE LABORATORY, 
t. MODEL TESTED IN AIRCRAIT ENVIRONMENT. 

T. MODEL TESTED IN SP.ACCE.NVIRONMENT. 

I. NEW CAPAISUTY OLRIVED EROM A MUCH USSER 
OPERATIONAL MODEL. 

t. REUAMUTY UPGRADINC OE AN UPERATH'NAL MODEL. 
IS. UfETIME EXTENSION Of AN OI LRATWN.vl. MODEL. 
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title Flight Tea t of an 6-cm Electron Bombardment Ion Thrustej 


NO. E-2 
.PAGE 4 of 4 


COMPARISON OF SPACE & GROUND TEST OPTIONS 


8. SPACE TEST OPTION TEST ARTICLE: Sohin^ C Sn«rerr»ff 



BENEFIT OF SPACE TEST: . 


EodWimf-r WEI6HT 


P0INTIN6 

ORIENTATION 

SPECIAL GROUND FACILITIES: 


****^*^^ aalf- ^ eon- ^ tained ">.PORER » 150 

. STABILITY DATA 

CREW: NO. D OFERATIONt/DURATION / 


OFERATIONt/DURATION . 

ties exist at LeRC 


EXISriNO: YES □ NO □ 
TEST CONFIDENCE Q.95 



TEST DESCRIPTION/REQUIREMENTS: Simulation test of ten-year attitude control system 


SPECIAL GROUND FACILITIES: Vacuum facilities with frozen mercury target, 


EXISTING: YES HH NO 


GROUND TEST LIMITATIONS: 



10. SCHEOULE ft COST 

TASK 


1. ANALYSIS 


2. DESIGN 


3. MFG&C/O 


4. TEST A EVAL 


TECH NEED DATE 


SPACE TEST OPTION 


TEST CONFIDENCE i 


GROUND TEST OPTION 


COSTtS) 


11. VALUE OF SPACE TEST $ 


12. DOMINANT RISK/TECH PROBLEM 



COST IMPACT PftMABILITY 


COST RISK S 


fT ITOR'?l 7/76 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. E-4 

1 . TECHNOLOGY REQUIREMENT (TITLE): Vibration Test of Solid PAGE 1 OF 4 

Rocket Motor 

2 . TECHNOLOGY CATEGORY: Propulsion 

;5. OBJECTIVE/ ADVANCEMENT REQUIRED- Determine effect of Shuttle acoustic 

and vibration environment on solid rocket kick motors from the response of 

a model motor and its pro pellant to this environment. 

I. CURRENT STATE OF ART: Shake table approval tests; howev/er, the specified 

vibration test spectrum poorly simulates the actual environment in the motor . 
HAS BEEN CARRIED TO LEVEL J L 

o. DESCRIPTION OF TECHNOLOGY 

The tests now accomplished on flight motors are a series of simulated 
vibration environments. What is needed for improved design parameter values 
is knowledge of how a solid rocket motor and the viscoelastic propellant 
and insulation responds to the Shuttle environment. A model or representa- 
tive subscale motor would be selected for this test. 


P/L REQUIREMENTS BASED ON ; □ PRE-A,n A.O B,n C/D 

«, RATIONALE AND ANALYSIS: 

a* Not selected yet. 

be All future missions which carry solid motors in the Shuttle: A2, 3,4,5. 

c. These results should provide for more reliable »^otors, and better per- 
forming designs. 

d. Motor models should be instrumented internally to obtain data on the 
space Shuttle environment. 


REPRQDUCffilLrrY OF TH 
IKRIilNAL PAGE IS POOR 


TO BE CARRIED TO LEVEL 


180 




DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. E-4 


1. TECHNOLOGY REQUIREMENTmTLEk Vibration Test of Solid PAGE 2 OF ^ 


7. TECHNOLOGY OPTIONS; 


8. TECHNICAL PROBLEMS; 

Design of test models which will give meaningful data during the first test. 


y. POTENTIAL ALTERNATIVES: 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 
Technology will not advance without NASA resources. 


EXPECTED UNPERTURBED LEVEL _1_ 


11. RELATED TECHNOLOGY REQUIREMENTS: 


101 



DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. E-4 


1 . TEC HNOLOGY REQUIREM ENT (TITLE) : 



PAGE 3 OF 


12. TECHNOLOGY REQUIREMENTS SCHEDULE; 

CALENDAR YEAR 


SCHEDULE ITEM 


TECHNOLOGY 

!• Analysis 

2. Design 

3. Fabrication 

4. Test 


APPLICATION 

1. Design (Ph. C) 

2. Devl/Fab (Ph. D) 

3 . Operations 


1 .). USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 


14. REFERENCES: 




15. LEVEL OF STATE OF ART 

l. BASIC PHENOMLNA OPSERVCO AND HEPORTED. 

». THEORY »X>RMl'LATED TO OESCH!BE PHENOMENA. 

», THF.OIn TESTED BY PHYSICAU E.XPERIMENl 
OR MATHEMATICAL MODEL. 

4 . PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED, 
E.C.. MATEIHAL. COMPONENT. ETC. 


I. COMPONENT OR BREADBOARD TESTED IN RELEVANT 
ENVIRONMENT IN THE LABORATORY. 

«, MODEL TESTED IN AIRCRAFT ENVIRONMENT. 

1 . MODEL TESTED IN SP.ACE ENVIRONMENT. 

I, NEW CAPAISLITY DERIVED FROM A MUCH LESSER 
OPFRATIONAL MODEL. 

I, REUAHLITY UPORADINC OF AN OPERATIONAL MODEL. 
10. UFETIME EXTENSION OF AN Ol'LRATION.U. MODEL. 
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TITLE Vibration Test of Solid Rocket Motor 


NO. E-4 
.PAGE 4 of 4 


COMPARISON OF SPACE & GROUND TEST OPTIONS 

8. SPACE TEST OPTION TEST ARTICLE: Model Solid Rocket Motor and Propellant 

Grain and Insulation 


TEST DESCRIPTION : ALT. (mu/min) /_ 

Carry modal motor up and down and mea 
acoustic and vibration environment. 


km, INCL. _________ 4«9. TIME _____ hr 

aoonae inside of motor to Shuttle 


BENEFIT OF SPACE TEST: Will give environment the motor propellant grain actually 
feels and responds to. 

EQUIPMENT: WEIGHT IQQ kj. SIZE im X Im X Im m. POWER unknown kW 

POINTING [J/jJ STABILITY fiZfl DATA Vibration 

ORIENTATION N/A CREW: NO. 0 OPERATIONS/DURATION / 

SPECIAL GROUND FACILITIES: None 

existing: yes □ NO □ 

TEST CONFIDENCE 

9. GROUND TEST OPTION TEST ARTICLE: None 

TEST DESCRIPTION/REQUIREMENTS: 


SPECIAL GROUND FACILITIES: 


GROUND TEST LIMITATIONS: 


.EXISTING: YES NO ("H 


TEST CONFIDENCE 


10. SCHEDULE & COST 
TASK CY 

1. ANALYSIS 

2. DESIGN 

3. MFG & C/0 

4 . TEST & EVAL 
TECH NEED DATE 


SPACE TEST OPTION 


GRAND TOTAL 


11. VALUE OF SPACE TEST $ 

12. DOMINANT RISK/TECH PROBLEM 


COSTtS) 


GROUND TEST OPTION 



















II GRAND TOTAL | 


COST IS) 


(SUM OF PROGRAM COSTS S - ) 

COST IMPACT PROBABILITY 


I COST RISK $ 
FT (TOR-21 7/7S 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. - 


1 TECHNOLOGY REQUIREMENT (TITLE): ..Propellant Managp.mant 
Device Design Parameters at zero -g 


PAGE 1 OF 


2. TECHNOLOGY CATEGORY: Propulsion 


OBJECTIVE/ ADVANCEMENT REQUIRED! Improve the analytical tools required 
to dRsion aroPRllfint mrmagRmRnt dav/icR prp.c^gnri^nt and outflow device. 


1. C'URRENT STATE OF ART: Only subscale devices can be tested for short time s 
(jS 1D5)« Pressurant diffuser and outflow designs cannot be tested in this 


time with accuracy^ 


HAS BEEN CARRIED TO LEVEL 


•) . 


DESCMHPTION OF TECHNOLOGY 


This technology experiment at zero -g would provide data to understand, mod- 
el, and design pressurant diffusers; determine effects of contaminants on 
surface tension properries of liquid propellants; determine wicking prop- 
erties of materials applicable to surface tension device; determine opti- 
mum outlet geometry for propellant tanks containing surface tension propell- 
ant management device. 


P/L REQUIREMENTS BASED ON; □ PRE-A.Q A.Q B.Q C/D 


«. HATK >NA1,E AND ANALYSIS: 


a* Surface tension data is obviously needed if one is to design a propell- 
ant management device based on that physical property and to ensure positive 
phase separation. 


b. Missions A 1, 3, 4, 5. 


c. Based upon this advanced mission reliability and lifetime will be en- 
hanced. 


d. Represents a reliability upgrading by increasing confidence level of 
initial design. 


TO BE CARRIED TO LEVEL 


I ■' 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO.E-6 


1. TECHNOLOGY REQUIREMENTf TITLED; Propellant Management Devic PAGE 2 OF 
Design Parameters at zero 
7. TECHNOLOGY OPTIONS: 

Through space experiments, an anticipated increase of approximately one order 
of magnitude in design information regarding surface tension device character- 
istics would result* 


8. TECHNICAL PROBLEMS: 
None 


U. POTENTIAL ALTERNATIVES: 

Continue current way of designing and accept the uncertainties and accept the 
use of less efficient designs* 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

No flight tests are planned and left unperturbed, the technology will not 
advance without NASA resources* 


EXPECTED UNPERTURBED LEVEL 

11. RELATED TECHNOLOGY REQUIREMENTS: 


None 







DEFINITION OF TEC HNOLOGY REQUIREMENT NO. E-6 

1. TFrHNOT OGV REQUIREMENT mTLE^; PrnppHant Manaoer.iRnt PAGE 3 OF 

riBwirP A naciqn Parampt.prs at. 7P.Ta -ij 

12. TECHNOLOGY REQUIREMENTS SCHEDULE: 


CALENDAR YEAR 


SCHEDULE ITEM 

75 

76 

77 

00 

79 

80 

rs 

82 

83 

84 

85 

86 

87 

88 

89 

90 

91 



TECHNOLOGY 
1* Analysis of Design 

2. Fabrication 

3. Ground checkout test 

4. Flight test &. docu- 
mentation 

5. 





— 















■ 


APPLICATION 

1. Design (Ph. C) 

2. Devl/Fab (Ph. D) 

3. Operations 

4. 





















13. USAGE SCHEDULE: 



offBODWIBIUK 0^ 




I 


I 

I 


15. LEVEL OF STATE OF ART 

1. BASIC PHKNOMENA OBSERVED AND HEPORTED. 

8. THEORY rouMPLATED TO DESCRIBE PHENOMENA. 

3. THEORY TESTED BY PHYSICAL ENPERIMEST 

OR MATHEMATICAL MODEl.. 

4 . PERTINENT KUNCTJON OR CHARACTERISTIC DEMONSTRATED. 
E.C., MATEKUL, rOVPONEHT. ETC. 


S. COMPONENT OR BREADBOARD TESTED IN RELEVANT 

ENVIRONMENT IN THE LABORAlXmV. 

•. MODEL TESTED »N AIRCRAFT ENVIRONMENT. 

T. MODEL TESTED IN SPACE ENVIRONMENT. 

I. NEW CAPABILITY DERIVED FROM A MUCH LESSER 
OPERATIONAL MODEL. 

t. RELIABILITY UPGRADING OF AN OPERATIONAL MODEL. 
10. LIFETIME EXTENSION OF AN OI LRATIONAT. MODEL. 





186 



COMPARISON OF SPACE & GROUND TEST OPTIONS 

8. SPACE TEST OPTION TEST ARTICLE: A modular package inside of ShuttJe con- 
taining elements required to measure surface tension, pressu-ant/pT-npallanf. 
interface. 

TEST DESCRIPTION : ALT. (max/min) / km, INCL. dtg, TIME hr 


BENEFIT OF SPACE TEST: 


EQUIPMENT: WEIGHT ka. SIZE X X m, POWER •‘W 

POINTING STABILITY DATA 

ORIENTATION CREW: NO. OPE RATI ONS/0 ORATION [ 

SPECIAL GROUND FACILITIES: 

- _ _ existing: yes □ NO □ 

TEST CONFIOENCE 

9. GROUND TEST OPTION TEST ARTICLE: 


TEST DESCRIPTION/REQUIREMENTS: 


SPECIAL GROUND FACILITIES: No wav to compete with space test capabilities. 


, EXISTING: YES D NO □ 


GROUND TEST LIMITATIONS: _ Gravitational eff ects, short times in drop towers, and 
linear disturbances. 


TEST CONFIDENCE 


75 % 


10. SCHEDULE & COST 

TASK 


CY 


1. ANALYSIS 

2. DESIGN 

3. MFG & C/0 

4. TEST & EVAL 


TECH NEED DATE 


SPACE TEST OPTION 


GRAND TOTAL 


CCSTIS) 


GROUND TEST OPTION 


GRAND TOTAL 


COST ($) 


11. VALUE OF SPACE TEST $ 


(SUM OF PROGRAM COSTS $ . 


12. DOMINANT RISK/TECH PROBLEM 


COST IMPACT 


PROBABILITY 


COST RISK $ 

fT ITDB-2t 7/75 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 


1 . TECHNOLOGY REQUIREMENT (TITLE): Thruster Induced Back PAGE 1 OF 4 

Contamination 

2. TECHNOLOGY CATEGORY: Propulsion 


3. OI3JECTIVE/ADVANCEMENT REQUIREDr Determine back-contamination, in 

space conditions, from chemical and electric thrus ter in region bevond where 

current theories predict plume location# 

CURRENT STATE OF ART: Low thrust (0*1 Ibf) monopropellant hy(jrazine have 
been tested under laboratory conditions and some back^contamination has been 


jneasuredt 


HAS BEEN CARRIED TO LEVEL 


5. DESCMUPTION OF TECHNOLOGY 

Currently, only small £5 Ibf can be tested in the laboratory and the test 
facility itself imposes conditions such as back pressure and temperature 
induced by the plume. To fully map the plume and determine the back- 
contamination by placing both sensors and sensitive sample materials in 
the plume and back-flow region essentially a ”zero” back pressure is needed. 
Thus, the critical parameter to be measured, plume flow, is limited by back 
pressures and thus the limiting variable must be eliminated. 


P/L REQUIREMENTS BASED ON; □ PR E-A.Q A,Q B.O C/D 

(5. HATH »NALF AND ANALYSIS: 

a* Since thrusters of concern operate in space, it will be highly valuable 
to determine the plume map and hence the back-contamination under the actual 
conditions of ”zero back pressure” as opposed to laboratory imposed con- 
straints of 10"^ higher with larger thrust will adequately simulate nctual 
operating conditions* 

b. This experiment would benefit missions in classes Al, 3 through 6 and B. 

c. The results of this experiment -nuld provide the spacecraft or satellite 
designer with tools he does not currently have to locate critical sensors 
and/or surfaces away from the thruster so that they would not be adversely 
affected by the thruster during firing and to modify thruster designs to 
reduce back-contamination. 

d. By determining the plume location under the real conditions of space, 
the accuracy of the current model would be improved by at least two orders 
of magnitude* 


TO BE CARRIED TO LEVEL 0 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. E-7 


1 . TECHNOLOGY REQUIREMENTmTLE^r Thruster Induced Back PAGE 2 OF JL 

Contamination 

7 /Technology options: "" — 

Through the use of a space experiment^ new plume models could be developed 
which would improve the prediction of plume location in far-flow field 
(^90 from center line) of at least 2 orders of magnitude, and therefore, 
a significant increase in knowledge regarding contamination would result* 


8. TECHNICAL PROBLEMS; 

Virtually the same technology to determine plume flow in both near and far 
field and contamination measurements could be used in space as is used in 
laboratory testing* Therefore, no significant technical problems exist* 


9. POTENTIAI. ALTERNATIVES: 

Continued ground tests with their inherent, limiting constraints* 


10 . PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

Current NASA technology is described in part of RTOP 506-24-24* The Air Force 
is also supporting the work* Both are ground tests and analyses only* 

If NASA were to eliminate its resources, the technology would be slowed down 
by a factor of 50% on ground-testing* If the Air Force also did not support 
flight test, technology would not advance EXPECTED UNPERTURBED LEVEL 

11. RELATED TECHNOLOGY REQUIREMENTS: 


Real-time sensors would enhance test results 





DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. E-7 


1 . TEC HNOLOGY REQUIREM ENT (TITLE) : 





PAGE 3 OF 4 



12 TECHNOLOGY REQUIREMENTS SCHEDULE; 

CALENDAR YEAR 


SCHEDULE ITEM 


TECHNOLOGY 

1. Analysis L Design 

2. Fabrication 

3. Ground Verification 
test 

4. Flight test &. verifi- 
cation 

5. 


APPLICATION 

1. Design (Ph. C) 

2. Devl/Fab (Ph. D) 

3. Operations 


13. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 






I 



14. REFERENCES: 


LEVEL OF STATF OF ART 


1. BASIC PHKNOMLNA OBSERVED AND HFrORTED. 

2 . TIItORY EOUMCLATED TO Dt'SCKlBE PHENOMENA. 

3. THEOH^ TESnEO BY PHYSICAL EXPERIMENT 

OH MATHEMATICAL MODEl,. 

4. PEHTIMINT KNCTiON OR LTUIiACTEIUSTtr DEMONSTRATED. 
material, COVPOSENT. ETC. 


ft. COMPONENT OR BREADBOARD TESTED IN RELEVANT 
ENVlMONMENr IN THE LABORATORY, 
ft. MODEL TESTED IN AIRCRAIT ENVIRONMENT. 

T. MODEL tested IS SPACE ENVIRONMENT. 

S. HEW CAPAIELITY DERIVED FROM A MUCH LESSER 
OPERATIONAL MODEL. 

t. REUAMLITY UPORAmNC OF AN OPERATIONAL MODEL. 
IS. UFETIME EXTENSION OF AN OI L RATION vL MODEL. 
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TITLE Thruster Induced Back Contamination 


NO._ 

PAGE 


1 = 1 . 


4 of 4 


COMPARISON OF SPACE & GROUND TEST OPTIONS 


8. SPACE TEST OPTION jEST ARTICLE: Modular gropulsion s\/stem and sensors dSf 

oloved outside the Shuttle. 


TEST DESCRIPTION : 


ALT. (mM/min) 


.L 


km, INCL. 


dig, TIME 


hr 


BENEFIT OP SPACE TEST* Eliminate the limiting variable of back pressure. Require a 
-1 2 

vacuum of <,10 torr. 


EQUIPMENT: 

POINTING 

ONIENTATION 


WEIGHT 


kg, SIZE 


STABILITY 


ffl, POWER 


kW 


DATA. 


CREW: NO. 


OPERATIONS/DURATION 


SPECIAL GROUND FACILITIES: 


existing: yes □ NO □ 


.TESTCONFIOENCE 


9. GROUND TEST OPTION TEST ARTICLE: Modular propulsion system with sensors 

provided inside the test chamber. 


TEST DESCRIPTION/REOUIREMENTS: Thrusters and sensors mounted in test chambers. 
Thrust levels uo to 500 Ibf to be tested and measurements taken. 


SPECIAL GROUND FACILITIES: Very large (on order of 100 ft. in diameter) liquid 
helium cooled, large pumoinQ capacity vacuum chamber. 


.EXISTING: YES □ NO [3 

GROUND TEST LIMITATIONS: Size and tvoe of thruster to be tested and back pressure. 


TEST CONFIDENCE 


60 ^ 


CY 


10. SCHEDULE & COST 

TASK 

1. ANALYSIS 

2. DESIGN 

3. MFGftC/0 

4. TEST ft EVAL 


TECH NEED DATE 


SPACE TEST OPTION 


GRAND TOTAL 


COST ($) 


GROUND TEST OPTION 


GRAND TOTAL 


COST ($) 


11. VALUE OF SPACE TEST $ 


(SUM OF PROGRAM COSTS $ , 


12. DOMINANT RISK/TECH PROBLEM 


COST IMPACT 


PROBABILITY 


COST RISK $ 


rr (TOR 2I 7/75 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. -g"S 


1 . TECHNOLOGY REQUIREMENT (TITLE): Supercritical Combustio n PAGE 1 OF 
Measurement in zero 

2. TECHNOLOGY CATEGORY: Propulsion 

OBJECTIVE/ADVANCEMENT REQIIIREn> Establish supercritical droplet 
evaporation/combustion rates and flc:mmability limits of liquid bipropellants» 


I. CURRENT STATE OF ARTtThe gbo\/e has only been attempted on the pround 

wherein the gravitational forces impose great experimental difficulty* 

HAS BEEN CARRIED TO LEVEL 2 


5. DESCMRRTION OF TECHNOLOGY 

Gravitational forces would be eliminated as a disturbing influence on the 
measurements of evaporation rates and flammability limits of liquid propell- 
ants in the critical region. At least one order of magnitude improvement in 
r rediction of diffusion rate should be obtained over that obtained by current 
techniques for inputs to computerized combustion models for performance pre- 
diction. 


P/L REQUIREMENTS BASED ON; □ PRE-A,D A.Q B.O C/D 

(5. HATH »NAI.F AND ANALYSIS: 

a* Evaporation (vaporization) rate are critical inputs to performance model- 
ing and have first order effects on results when working near the t itical 
region. 

b. A 1-6 

c. With this information rocket engine design and testing could be reduced, 
resulting in a cost savings. 

d. Needs to be carried to a point wherein the above input is not required 
from engine tests. 


REPRODUCBILn’Y OFTl^ 

obminal page is poor 


TO BE CARRIED TO LEVEL _g. 





I 


1 


DEFINITION OF TECHNOLOGY REQUIREMENT 

NO.E-a 

Measurements in zero -g 

. PAGE 2 OF 

7. TECHNOLOGY OPTIONS: 



The improvements in measurements of evaporation rate^ and flammability limits 
are expected to increase by at least one order of magnitude which in turn will 
increase accuracy of performance prediction at least 25 %^ This improvement 
will reduce the number of hardware tests to be conducted by at least 30T^* 


8 . TEC HNIC AL PROBLEMS: 

The development of the apparatus# 


U. POTENTIAL ALTERNATIVES: 

Continue ground testings with their inherent inaccuracies* 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

For all intents and purposes there is no on-going technology effort, even 
ground based> because of the drastic funding reduction in combustion research* 

Without NASA resources, technology will not advance* 

expected UNPERTURBED LEVEL ^ 

11. RELATED TECHNOLOGY REQUIREMENTS: 

None 


T 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. E-8 


1. TECHNOLOGY REQUIREMENT (TITLE! : Supercritical CQmbustiQ n RAGE 3 OF 
Measurements in zero -g 


12. TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 


SCHEDULE ITEM 


TECHNOLOGY 

1. Analysis/Design 

2. Fabr'>''atiun 

3. pT-ound lest Checkout 

Flight Test &. Documen-| 
tation 

5. 


APPLICATION 

1. Design (Ph. C) 

2. Devi/ Fab (Ph. D) 

3 . Operations 

4. 


75 


76 


77 


78 


80 


81 


82 


33 


84 


85 


86 


87 


88 


89 


90 


91 


i::. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 















— 


T 

— 

OTAL 

NUMBER OF LAUNCHES 




















14. REFERENCES: 


15. LEVEL OF STATE OF ART 


nASir PHKNOMtNA OBSEHVKD ANU 'IFl'OHTLO. 

TIIKOKY FOUMrLATFO TO DFSCKIW: pill NOMFNA. 

THKotn TKSIKI) FlY PHYSICAL KXPKRIMtNT 
C#R MATIlt MATICAL MOIH:!.. 

PhRTIM Nr I I NCTlON OR CHARAC TERISTIC DEMONSTRATED, 
E.C., MATEKUL. COVPONKNT. ETC. 


5. COMPONENT OR RRE AD BOARD TESTED IN RE Li. VANT 

SNVIKONMENT IN THE LABORAWRY. 

6 . MODEL TESTED IN AIRCRAfT ENVtRONMf NT. 

7. MODEL TESTLD IN SP.\CE ENVIRONMENT. 

8. NEW CAPAIULITY DLRlVTD FROM A MUCH LESSER 

operational model. 

8 . RELIABIl 'TY UPORADINC OF AN OPERA TP 'NAL MODEL, 
10. LIFETIME EXTENSION OF AN OPLRATICNaT. MODEL. 
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I 


title Combustion Measurements in zaro -g 


NO.__Ej^ 


PAGE 4 2f 4 


COMPARISON OF SPACE & GROUND TEST OPTIONS 

8. SPACE TEST OPTION test article- Packaqe containinq provision for aas analv- 



TEST DESCRIPTION : ALT. (mu/min) / km.INCL. dig, TIME hr 




EQUIPMENT: WEIGHT kg. SIZE X X m. POWER 

POINTING STABILITY DATA 

ORIENTATION CREW: NO. OPERATIONS/DURATION / 

«>ECIAL GROUND FACILITIES: None 

existing: yes Q Nofl 

TEST CONFIDENCE 45% 


9. GROUND TEST OPTION TEST ARTICLE: Essentially same as above, but smaller and/ 

, Qx sepaxatE. -packages. 


TEST DESCRIPTION/REQUIREMENTS: 


SPECIAL GROUND FACILITIES: Drop tower 


GROUND TEST LIMITATIONS: very short time duration (£lOs) 


, EXISTING: YES Q NO Q 


TEST CONFIDENCE 


50 % 


1 

I 


CY 


10. SCHEDULE & COST 

TASK 

1. ANALYSIS 

2. DESIGN 

3. MFG & C/0 

4. TEST& EVAL 


TECH NEED DATE 


SPACE TEST OPTION 


COST 


GROUND TEST OPTION 


COST ($) 



GRAND TOTAL 


GRAND TOTAL 


11. VALUE OF SPACE TESTS 

(SUM OF PROfiRAM C(»TS A 

) 






12. DOMINANT RISK/TECH PROBLEM 


COST IMPACT PROBABILITY 


COST RISK $ 







I 


.1 

'-Tf 

■I 


FT HDR 2) 7/75 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. E-9 


1 . TECHNOLOGY REQUIREMENT (TITLE): Pulse Characteristics PAGE 1 OF _4 

of Small Thrusters 

2. TECHNOLOGY CATEGORY: Propulsion 

OBJFJCTIVE/ ADVANCEMENT REQUIRED! Improve the resolution of thruster 
impulse bit measuren.qnt. 


i. CURRENT STATE OF ART: J^liimeraLLs types of thrust balanc es are curreptlv, be - 
ing used for measuring thrust in the range of D«5 lb to 1^0 lb# All have 
problems of environmental noise &. frequency, HAS BEEN CARRIED TO LEVEL ^ 

5. DESCRIPTK^N OF TECHNOLOGY 

The experiment is to refine the measurement of impulse bit shapes and create 
a "standard” engine for standardization of measurements on ground-based thrust 
balances. It is accomplished by firing thruster (s) on a free-flying plat- 
form and taking measurements from an inertial reference. 


P/L REQUIRF:MF.NTS based O N; □ PRE-A,n A.Q P.Q C/D 

A Tin\ A l.K AND ANALYSIS: 

a. Increased precision in the measurement of small impulse bit profiles is 
needed to take advantage of the potential precision inherent in present sensor 
control logic technology. 

b. All on orbit operational spacecraft utilizing expanding gas thrusters for 
attitude control would benefit. 

c. All spacecraft utilizing attitude control thrusters in the low millipound 
thrust range and below would benefit from a more accurate knowledge of impulse 
bit characteristics from the standpoint of precise matching of force to con- 
trol requirement and the related fuel savings. 

Resolution of impulse bit profile in ground test is limited by environme.i- 
tal noise and ground related design weaknesses of the thrust balance itself. 

d. The data are compared to ground test data to permit better interpretatior 
of the latter and to develop filtration/mathematical techniques applicable to 
other thrusters. 

TO BE CARRIED TO LEVEL 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. E-9 


I . TECHNOLOGY REQUIREMENT(TITLE): Pulse Characteristics of PAGE 2 OF 
Small Thrusters 
7. TECHNOLOGY OPTIONS: 


8. TECHNICAL PROBLEMS: 

1, An inerticl reference of sufficient stiffness and sensitivity. 

2. Noise introduced by propellant valve operation. 


y. POTENTIAL ALTERNATIVES: 
None 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 
Technology will not advance without NASA resources. 


EXPECTED UNPERTURBED LEVEL 5 

11. RELATED TECHNOLOGY REQUIREMENTS: 


Inertial reference 








DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. E-9 


1. TECHNOLOGY REQUIREMENT ITITLEL Pulse Characteristics o f PAGE 3 OF 


Small Thrusters 


12. TECHNOLOGY REQUIREMENTS SCHEDULE; 

CALENDAR YEAR 


SCHEDULE ITEM 


TECHNOLOGY 

1. Analysis/Design 

2. Fabrication 

3. Test 

4. Flight 


APPLICATION 

1. Design (Ph. C) 

2. Devl/Fab (Ph. D) 

3. Operations 


i;]. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 


14. REFERENCES: 




15. LEVEL OF STATE OF ART 

1. BASIC PHENOMENA OBSERVED AND REPORTED. 

2. theory roUMPLATED to describe PHENOMENA. 

3. THEORY TESTED BY PHYSICAL EXPERIMENT 

OR NLATHEMATICAL MODE I,. 

4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED, 

E.C., MATERIAL, COMPONENT, ETC, 


5. COMPONENT OR BREADBOARD TESTED IN RELEVANT 

ENVIRONMENT IN THE LABORATORY. 

6. MODEL TESTED IN AIRCRAFT ENVIRONMENT. 

7. MODEL TESTED IN SPACE ENVIRONMENT. 

I, NEW CAPABILITY DERIVED FROM A MUCH LESSER 
operational MODEL. 

I, RELIABILITY UPORADINC OF AN OPERATR.^NAL MODEL. 
10. UFETIME EXTENSION OF AN Ol'LRATlON.vL MODEL. 








1 


TITLE Pulse Characteristics of Small Thrusters 


COMPARISON OF SPACE & GROUND TEST OPTIONS 


8. SPACE TEST OPTION TEST ARTICLE: Thrust Measurement Sy stem 


NO. E-9 
PAGE 4 of 4 



TEST DESCRIPTION : 

ALT. (max/min) / 

km. INCL 

dig, TIME 

- 

Measure impulse 

bit thrust profiles on 

an inertiallv 

referenced platform^ 



BENEFIT OF SPACE TEST: Eliminetion of environmentally introduced noise in the 

messurements. 


EQUIPMENT: WEIGHT kg. SIZE X X m. POWER 

POINTING STABI LITY DATA 

ORIENTATION CREW: NO. OPERATIONS/OURATION I 

SPECIAL GROUND FACILITIES: None 


EXISTING: YES □ NO □ 
.TESTCONFIOENCE TO^ 


GROUND TEST OPTION TEST ARTICLE: 


TEST DESCRIPTION/REQUIREMENTS: 



SPECIAL GROUND FACILITIES: 


GROUND TEST LIMITATIONS: 


.EXISTING: YES □ NO □ 


10. SCHEDULE & COST 

TASK 


1. ANALYSIS 


2. DESIGN 


3. MFG & C/0 


4. TEST & EVAL 


TECH NEED DATE 


SPACE TEST OPTION 


TESTCONFIOENCE 


GROUND TEST OPTION 



COST 


GRAND TOTAL 


11. VALUE OF SPACE TEST $ 


12. DOMINANT RISK/TECH PROBLEM 


GRAND TOTAL 


(SUM OF PROGRAM COSTS $ — 


COST IMPACT PROBABILITY 


COST RISK $ 


n nOR-2l 7/75 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. E-1D 

1. TECHNOLOGY REQUIREMENT (TITLE): Flight Test of Compo sit e PAGE 1 OF 

Engine 

2. TECHNOLOGY CATEGORY: Propulsion 

;L objective/ ADVANCEMENT REQUIRED: Verification test of large scale com- 
posits engine such as elector ramiet using Shuttle Qrbiter as a fliijht teat 

vehicle# 

1. (-UURENT STATE OF AUT; Subscale around tests to hypersonic engine (HPE) 

. __have been completed at Lewis and of ramjpts of sn;all hawR hF»F>n 

( done at Marquardt# HAS BEEN CARRIED TO LEVEL 

3. DKSCMUPTfON OF TECHNOLOGY 

Flight tests of full scale composite engines suitable for use on ah HTOHL two- 
stage fully reusable Shuttle- type vehicle. Facilities do not exist for ground 
test of large composite engines at high Mach numbers because of the large 
flow-rate of heated air needed. Shuttle Orbiter could be employed as a fly- 
ing test bed for flight tests at cruise mode conditions similar to the planned 
X-24 program. 


P/L REQUIREMENTS BASED ON; □ PRE-A,Q A.Q B.Q C/D 
(L RATIONALE AND ANALYSIS: 

a. N/A 

b. Applications of large composite engines are to HTOHL Shuttle-type vehicles 
for low cost transport of payloads to low earth orbit. 

c. Flight test is needed to provide verification of the complete composite 
engine system at proper operating conditions of Mach number and inlet air 
conditions. 

d. Flight verification test of full scale composite engine using Shuttle 
Orbiter stage as flying test bed. Test cannot be defined precisely until 
engine type and configuration are selected. May require a dedicated Orbiter 
with considerable modification for launch using carrier aircraft 747 or 
modified booster (5PB) and ET to obtain proper altitude and speed to start 
composite engine. 


TO BE CARRIED TO LEVEL 7 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. £-10 


1 . TECHNOLOGY REQUIREMENT(TITLE): Flight Composite PAGE 2 OF 

Engine 

7. TECHNOLOGY OPTIONS: 

Many options exist in design of the composite engine (air turborocket, ramjet, 
scramjet, etc.) and the integration of the engine with Orbiter for flight test 
Simplest arrangement would be storage of the engine within the cargo bay and 
deployment at altitude. This may not be feasible because of inlet design, 
problems of deploying engine, and making Orbiter aerodynamically clean and 
stable. Alternate approach would be modification of Orbiter to integrate 
engine on bottom of vehicle. 


H TECHNICAL PROBLEMS: 

Problems involved include modification of Shuttle for launch and for integra- 
tion of engine with Orbiter vehicle. Also, ability of Orbiter to withstand 
the aerodynamic heating for cruise flight at high Mach number and control of 
the vehicle are important problems. 


U. POTENTIAL ALTERNATIVES: 

Alternative to flight test is ground test of full scale composite engine. No 
facilities exist presently that are capable of supplying the large quanities 
of air heated to high temperature and the capital investment would be quite 
large for such a facility. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

Unperturbed Program — Technology will not advance without NASA resources. 


expected UNPERTURBED LEVEL ^ 

11. RELATED TECHNOLOGY REQUIREMENTS: 

Comprehensive technology program needed on composite engines to bring them 
to the level of maturity necessary before flight testing will be required. 

This program is described under Propulsion - Definition of Technology Require- 
ment number lA (l)K. 


201 



I 


DEFINITION OF TECHNOLOGY REQUIREMENT 


1 . TEC HNOLOGY REQUIREM ENT (TITLE) : { 

Eoflins 


NO. E-10 


PAGE 3 OF 


12. TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 

SCHEDULE ITEM 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 

TECHNOLOGY 

!• Engine Design/Fabrica- 

2* Orbiter Analyses, Re- 
design, Modification — 

2* Flight Test Program 


APPLICATION 

1. Design (Ph. C) 

2. Devl/Fab (Ph. D) 

3. Operations 


13. USAGE SCHEDULE: 

1 

TEC HNOLOGY NEED DATE 
NUMBER OF LAUNCHES 


14. REFERENCES: 


15. LEVEL OF STATE OF ART 

1. BASIC PHENOMENA OBSERVED AND REPORTED. 

». THEORY roiiMl'LATED TO DESCRIBE PHENOMENA. 

S. THEOm TESTED BY PHYSICAL EXPERIMENT 
OR .MATHEMATICAL MODEL. 

4. PERTINENT E UNCTION OR CHARACTERISTIC DEMONSTRATED, 
E.C., MATEIOAL, COMPO.NENT. ETC. 


B. L'OMPOKFNT OR BREADBOARD TESTED IN RELEVANT 
ENVIRONMENT IN THE LABORATORY. 

B. MODEL TESTED IN AIRCRAIT ENVIRONMENT. 

1 . MODEL TESTED IN SP.ACE ENVIRONMENT’. 

B. NEW CAPAIVLITY DERIVED FROM A MUCH LESSER 

operational model. 

B. REUAMLITY UPORADINC OF AN OPERATIONAL MODEL. 
IB. UreiTME EXTENSION OF AN Ol'LRATION.M. MODEL. 


I 
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IwIbIcI 


IH 


COMPARISON OF SPACE & GROUND TEST OPTIONS 


8. SPACE TEST OPTION jEST ARTICLE: _ 

of full scale comoosite i 


altitude and mach number 




TEST DESCRIPTION : ALT. (mu/min) 

Orbiter with comoosite em 


o 


km, INCL. 


dtg.TIME 




BENEFIT OF SPACE TEST: Large scale composite 
tions to provide full verification of 


EQUIPMENT: WEIGHT kg, SIZE X X en, POWER kW 

POINTING STABILITY DATA 

ORIENTATION CREW: NO. OPERATIONS/DURATION L 

SPECIAL GROUND FACILITIES: __Launch pad if vertical take off m ade employed or runway.. 
for horizontal takeoff if 747 aircraft to carry CrbilRr EXISTING^ YES ) NO ! J 
aloft. test CONFIDENCE 


9. GROUND TEST OPTION TEST ARTICLE: Full scale composite enaine* such 
_ let. scramiet, or air turborocket. 


TEST DESCRiPTION/REQUIREMENTS: Long duration tests at full thrust; throttling tests 
start-up and shutdown tests 



SPECIAL GROUND FACILITIES: Test facility must provide large flow rate of air heated 
temoeratures 


EXISTING: YES □ NO m 

GROUND TEST LIMITATIONS: _ |\|n facilities oresentlv exist for full erale rnmnnc,itB 


10. SCHEDULE & COST 

TASK 


1. ANALYSIS 


2. DESIGN 


3. MFG & C/0 


4. TEST & EVAL 


TECH NEED DATE 


SPACE TEST OPTION 


TEST CONFIDENCE 


GROUND TEST OPTION 



COST ($) 


GRAND TOTAL 


11. VALUE OF SPACE TEST $ 


12. DOMINANT RISK/TECH PROBLEM 


GRAND TOTAL 


(SUM OF PROGRAM COSTS $ 


COST IMPACT PROBABILITY 


COST RISK $ 


f T (TOR 2) 7/75 












DEFINITION OF TECHNOLOGY REQUIREMENT NO. E-12 


1. TECHNOLOGY REQUIREMENT (TITLE): Sublimation Properties PAGE 1 OF A-. 

of Solidified Propellants 

2. TECHNOLOGY CATEGORY: Propulsion 

OBJECTIVE/ ADVANCEMENT REQUIRED- Better prediction of sublimation rate s 
and heat transfer in the absence of gravity effects. 


L CUHUENT STATE OF ART: Fragmentary data obtain ed from la boratory experimen t J 


HAS BEEN CARRIED TO LEVEL ^ 

5. DESCMtll’TION OF TECHNOLOGY 

Appropriate tanks containing candidate propellants cooled to the solid state 
are tested in the laboratory to establish baseline performance for comparison 
with subsequent similar tests carried out in the zero -g space environment. 
Typical propellants to be considered are methane and ammonia. 


P/L REQUIREMENTS BASED ON; Q PRE-A.Q A.Q B.Q C/D 
(>. RATIONALE AND ANALYSIS: 

a* Gravitational effects of convection and forced contact of the solid with 
the container are not succeptable to reasonable calculation when attempting 
to Bxtropolate to calculation of heat transfer/sublimation rates in zero -g 
so experimental data in that environment is needed for design calculations. 

b. The primary missions to which this concept is addressed are earth orbital 
spacecraft with electromagnetic spectrum sensing capabilities. 

c. One cf the simplest sensor cooling methods proposed by designers^ uses a 
subliming frozen gas or liquid. The sublimed gas could serve as a propellant 
for the attitude control system thus permitting a combined function system 
with the attendant simplification of 5/C design^ reduction of total mass on 
boards and attendant cost savings. 

d. Sufficient data on the storage/sublimation properties of candidate propell- 
ants must be obtained from a testing in space to permix concept evaluation and 
system design. 

TO BE CARRIED TO LEVEL jl 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. E-12 


1 . TECHNOLOGY REQUIREMENT(TITLE): Sublimation Properties of PAGE 2 OF X 
Solidified Propellants _ __ _ _ ___ _ 

7. TECHNOLOGY OPTIONS: 


8. TECHNICAL PROBLEMS: 

Establishing a valid scaling model from limited data* Technique for measuring 
very low sublimation rates may be a problem. 


9. POTENTIAL ALTERNATIVES: 

Overdesign systems utilizing the principle and provide ccmniandable auxiliary 
heat input to compensate. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 


Technoloijy will not advance without NASA resources* 


EXPECTED UNPERTURBED LEVEL 

11. RELATED TECHNOLOGY REQUIREMENTS: 


None 





I 


DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. E-12 


1. TECHNOLOGY REQUIREMENT /TTTl.EL Sublimation Properties PAGE 3 OF J — 


12. TECHNOLOGY REQUIREMENTS SCHEDULE; 

calendar YEAR 

SCHEDULE ITEM 75 76 77 78 79 80 81 82 83 84 85 86l87|88|^ oolol 


TECHNOLOGY 

!• Analysis/design 

2. Fabrication 

3. Ground test 

4. Space test 


APPLICATION 

1. Design (Ph. C) 

2. Devl/Fab (Ph. D) 


3. Operations 


13. USAGE SCHE DULE: 

TECHNOLOGY NEED DATE 
NUMBER OF I.AUNCHES 


TOTAL 


14. UEFERE.NCES: 




LEVEL OF STATE OF ART 

1. BASIC PHKNOMKNA OWEnvtD AND nrrORTKD. 

2. TIIFOKV ItMlMCLATtl) TO DtSCKrUT rill'NOMCNA. 

3. THFOIU DY PHYSICAL I.XPtKJMtNT 

OK MA MILMATICAI. MOIH I.. 

4. P».RnM ST t LNCTION OH CIIAHACTERISTIC DTMONSTIUTCD. 

K.C.. MATEKUL. CCVIHl'.LNT. ETC. 


I. COMPONFST OR BREADBOARD TESTED IN RELEVANT 
EHV1NONI4CNT IN THE LABORArORY. 

«. MODEL TESTED IN AIRCRAFT' ENVIRONMENT. 

T. MODEL TESTED IN SP.YCE ENVIRONMENT. 

I. NEW CA.?AmLITY DERIVED FROM A SUfCtl LESSER 
operational MODEL. 

I. RELUML’ Y UPGRAINNC OF AN *PCRATK«NAL MODEL, 
f. UriTWE EXTENSION OF AH O: ^RATION vt. MOUFL. 
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ETii 


COMPARISON OF SPACE Si GROUND TEST OPTIONS 


8. SPACE TEST OPTION TEST ARTICLE: Cnn + aTOPT- nf cni-iriifiari 



EQUIPMENT: WEIGHT 

POINTING 

ORIENTATION 

SPECIAL GROUND FACILITIES: 


_ kg, SIZE 
STABILITY 


X m. POWER 

DATA 


CREW: NO. OPERATIONS/DURATION 

iment G5E required. 


9. GROUND TEST OPTION TEST ARTICLE: 


TEST DESCRIPTION/REQUIREMENTS: 


existing: yes n NO □ 

.TESTCONFIOENCE 


inked to space 



SPECIAL GROUND FACILITIES: 


GROUND TEST LIMITATIONS: 


.EXISTING: YES D NO □ 


10. SCHEDULE & COST 

TASK 


r ANALYSIS 


2. DESIGN 


3. MFG & C/O 


4. TEST & EVAL 


TECH NEED DATE 


TESTCONFIOENCE 


GROUND TEST onTON 


COST IS) 



11. VALUE OF SPACE TEST $ 


12. DOMINANT RISK/TECH PROBLEM 


GRAND TOTAL 


(SUM OF PROGRAM COSTS S 


COST IMPACT PROBABILITY 



I 

















DEFINITION OF TECHNOLOGY REQUIREMENT NO. F_n 


1 TECHNOLOGY REQUIREMENT (TITLE): Flight Test with Solar PAGE 1 OF 

Electric Propulsion Thrust Subsystem 

2. TECHNOLOGY CATEGORY: Pr-op,,: o-;^n 

OIJ-JECTIV’F2/ ADVANCEMENT REQUIRED: Uprify thm^t subsystem performance, 
and characterize the interfaces, lifetime^ and reliability of a solar elec- 


fr-ir pTrimiry pTHpiilcinn Qygt.pm^ 


1. CU HUENT STATE OF ART: Thruater deueloped to engineering model status and 
other thrust subsystem elements developed tu at least functional demonstra- 
tio n status, HAS BEEN CARRIED TO LEVEL _5. 


3. DKSCMUPTfON OF TICCHNOLOGY 


The first flight might be ei::her a long term test on a low cost free-flying 
test bed launched from the Shuttle or a dedicated satellite launched to out- 
of-the-ecliptic from a 5huttle-IU5. The thrust subsystem would contain 30 
cm mercury bombardment thrusters, power processors, thrust vectoring mecha- 
nisms, electrically isolated propellant supply and distribution system, 
thrust subsystem controller, solar array, attitude control system, and 
appropriate scientific and engineering data systems* 


The test bed option would serve to define thrust subsystem performance para- 
meters, interfaces, and lifetime and reliability. The free-flying satellite 
op ion would accomplish these engineering and technology goals as well as 
obtain scientific data. 


p/I REQUIREMENTS BASED ON: Q PRE-A.Q A.Q B.Q C/D 

<> HATH )N’A1.E AND ANALYSIS: — - 

a) The value of Igp of 3000 seconds is near optimum for this and a large 
set of other missions based on projected values of the specific mass of 
solar arrays and other thrust subsystem elements. The use of mercury pro- 
pellant provide maximum thrust to power ratios of importance for power 
limited, performance critical missions. 

b) In general, high energy missions such as comet rendezvous, out-of-eclip-- 
tic, low earth to geosynchronous orbit transportation and on-orbit opera- 
tions of very large space systems are strongly jEnefited by the use of high 
specific impulse, high performance, propulsion systems. 

c) With reasonable payloads, use of electric propulsion extends the 
achievable heliocentric inclination from about 50'’ to 90®, can provide for 
accurate trajectory shaping, strongly increase payloads for high energy 
missions, and relax launch wirdov^ opportunity constraints. 

d) This technology should be demonstrated via an out-of-ecliptic mission 
launched from an early Shuttle-IU5 flight or on a low cost test bed in near • 
earth environment. 

TO BE CARRIED TO LEVEL ( 
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1 


DEFINITION OF TECHNOLOGY REQUIREMENT 


1 . TECHNOLOGY REQUIREMENT(TITLE): 


PAGE 2 OF ^ 


7. TECHNOLOGY OPTIONS: 

Variation of the specific impulse within a factor of two could be provided 
with little change in baseline technology# Operation of the high voltage 
and discharge power supplies directly from the array (without power con- 
ditioning) could lead to a significant (-15 percent) reduction in thrust 
subsystem mass# The potential exists for the operation of the thrust sub- 
system from advanced power sources, such as nuclear thermionic, with no 
change to baseline technology except in the power processing elements# The 
modular concept utilized throughout the thrust subsystem allows for large 
increases in system power without major technology impact# 


8. TECHNICAL PROBLEMS; 

1) The target of 12 kg/kwe (exclusive of power system) is expected to be 
difficult to achieve. 

2) The control and possible interactions of the solar array with ambient 
plasma are potential difficulties. 

i). POTENTIAL ALTERNATIVES: 

1) Use of electron-bombardment thrusters using light fuels instead of mercury 

2) Use of magnetoplasmadynamic (MPD) thrusters at reduced specific impulse. 


10, PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

RHP 506- 22-30 Prime Propulsion Ion Thruster Technology 
No experiment would be expected without NASA resources. 


EXPECTED UNPERTURBED LEVEL 


11. RELATED TECHNOLOGY REQUIREMENTS; 

Guidance, Navigation, and Control of Low Thrust Systems. 
Structural Dynamics of large, flexible spacecraft. 


Thermal control of large power systems. 
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DKFINITION OF TECHNOLOGY REQUIREMENT 


NO. E-13 



I . TEC HNOLOGY REQUIREM ENT (TITLE) : . 

— lie inn ThrLLS± 


12. TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 


SCHEDUl.E ITEM 


TECHNOLOGY 

1, Anolysis/Design 
Fabrication 


3 . Test 

4. Dacumentation 


APPLICATION 

1. i:)esign (Ph. C) 

2. Devi/ Fab (Ph. D) 

3 . Operations 


13. USAGK SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 


11. REFERENCES: 




1, Outlook for Space* A Forecast of Space Technology. July 15, 1975, 


LEVEL OF STATE OF ART 


1. fWSir PHKNOMKNA ORSF D AND RFI'OHTKD. 

2. TlIfOH^ :> TO DFX'Itinr I’HI NOMFNA. 

3. THK>tri ITSIH) nv ni^^K'AL FXIT.RIMKNT 

OK m at MFMATU'AI, MulH.!,. 

4. PFHI IM N I a N( noN OK CHAKAc TEmSTIC DKMONSTRATF.D, 

F.G., MATtKlAL. ('0>'P0\KNT, Kl(\ 


5. COMi»ONFNT OR ARE AD BOARD TESTED IN RELEVANT 

ENVIRONMENT IN THE LA HO RA WRY. 

6. MODEL TESTED IN AIRCRA^T ENVIRONND NT. 

7. MODEL TESTED IN SlWCY. ENVIRONMENT. 

8. NEW CAPAHILITY DERUTD FROM A M»JCtI LESSER 

OPERA! lONAL .MODLL. 

9. RELIABILITY UPr.RADING OF AN OPERA TU^NAL MODEL, 

10. LIFETIME EXTENSION OF AN OILRATION \L MODI L. 


i 
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TITLE 


NO. E-13 
PAGE 4 ( f 4 


COMPARISON OF SPACE & GROUND TEST OPTIONS 


8. SPACE TEST OPTION TEST ARTICLE: 


TEST DESCRIPTION : ALT. (max/min) 


km, INCL. 


dag. TIME1 5 . OOCi hr 


BENEFIT OF SPACE TEST: . 


EQUIPMENT; WEIGHT 

POINTING 

ORIENTATION 

SPECIAL GROUND FAC'lLITIES: 


— ‘‘•'SIZE 
STABILITY. 


m, POWER 12-30 


CREW: NO. OPERATIONS/DURATION 


existing: yes □ NO □ 

.TEST CONFIDENCE Q»95 


9. GROUND TEST OPTION TEST ARTICLE: 


TEST OESCRIPTION/REQUIREMENTS: Integration and life test of thrust subsystema 


SPECIAL GROUND FACILITIES: 


sure material) target for long term testing^ 


.EXISTING: YES D NO 0 


GROUND TEST LIMITATIONS: Cannot test system with deployed solar array. Cannot 

arriira+.ply .gimiilatR GN C Operation or all thrust subsystem interfaces. 

TESTCONFIOEN 0.75 


10. SCHEDULE & COST 


1. ANALYSIS 

2. DESIGN 

3. MFG & C/0 

4. TEST & EVAL 
TECH NEED DATE 


SPACE TEST OPTION 


GROUND .rST OPTION 


GRAND TOTAL 


COST($) 


COST($) 


GRAND TOTAL 


11. VALUE OF SPACE TEST $ 


(SUM OF PROGRAM COSTS $ . 


12. DOMINANT RISK/TECH PROBLEM 


COST IMPACT 


PROBABILITY 


COST risk $ 


n HDR 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


1. TECHNOLOGY REQUIREMENT (TITLE): Flight Tests of Lou/ PAGE 1 OF 

Molgcular Weight -PropsllRnt Bombardment T h ruster 

2. TECHNOLOGY CATEGORY: Pronul.c;! nn 

OBJECTIVE/ ADVANCEMENT REQUIRED: Verify performance parameters^ inier -^ 

facBS> and lifetime of bombardment thrust ers. Verify critical technology 

for potential ap plication to MPD thruster systems^ 

•L CURRENT STATE OF ART: -Low mol ecular weight propellant thruster operation 
demanatmted with <=^p.yftral thru.c^tRT 

HAS BEEN CARRIED TO LEVEL ^ 

5. DESCO{IPTION OF EXPERIMENT 

First flight would be a pallet mounted light fuel bombardment thruster test. 
Prototype thruster, propellant supply and distribution system, thrust vector 
mechanisms, and thrust control system would be utilized. Thruster performance 
parameters and interfaces would be characterized by normal spacelab test. 

A subsequent test with a free-flying low cost test bed launched from the 
shuttle would be used to verify critical element lifetime and provide input 
for MPD thruster system requirements. 


P/L REQUIREMENTS BASED ON: □ PRE-A,D A,Q B,D C/D 

RATH )NALK AND ANALYSIS: 

a. Selection of thruster design for operation between about 4,000 and 10,000 
seconds specific impulse would satisfy the optimal system requirements for 
both low earth orbit to geosynchronous transportation and geosynchronous on- 
orbit operations of very large space structures. Propellant supply system 
and thrust vectoring equipment would be selected to be compatible with nuclear 
power system and/or MPD thruster system requirements. 

b. Low earth to geosynchronous transportation and on-orbit opera‘s ton of very 
large space system. 

c. As an example, the use of a 4,000 second specific impulse propulsion 
system at projected efficiencies should increase the shuttle earth to 
geosynchronous payload capability by more than a factor of four. 

d. This technology should be carried to an experimental demonstration on an 
early shuttle flight followed by a free-flying experiment also launched from 
shuttle. 


TO BE CARRIED TO LEVEL 7 


212 




' > • 






DEFINITION OF TECHNOLOGY REQUIREMENT 


1. TECHNOLOGY REQUIREMENT(TITLE):£iii 


PAGE 2 OF 


7. TECHNOLOGY OPTIONS: 

First test options could include variation of power source characteristics 
to simulate a nuclear power system and the extension of the thruster system 
on long booms to obtain data relevant to the control of large flexible space 
structures# Operation on various light fuels would allow simulation of the 
use of indigenous space or planetary materials# 


8. TECHNICAL PROBLEMS; 

1# Achievement of a high efficiency, long life, light fuel thruster would 
require some redesign of the baseline mercury bombardmer, c systems# 

2# Devalopment of a light weight prw:pellant supply and distribution system. 


y. POTENTIAL ALTERNATIVES: 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

RTOP 506-22-40 ”Ion Thruster Research** 

No flight would occur without NASA resources# 


EXPECTED UNPERTURBED LEVEL _4 

11. RELATED TECHNOLOGY REQUIREMENTS; 

Guidance, Navigation, and Control of large flexible spacecraft# 

Struc’^'ural dynamics of large flexible spacecraft# 


Advanced thermal control and power distribution technology# 



L 


DEFINITION OF TE CHNOLOGY REQUIREMENT 
1 . TEC HNOLOGY REQUIREM ENT (TITLE) : Flight Test of Low 


NO. E-14 


PAGE 3 OF 4 


12. TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 


SCHEDULE ITEM 

TECHNOLOGY 

1. Analysis/Design 

2. Fabrication 

3. Test 


|75|76|77i 78 79 80 81 82 83 84 85 86 87 88 89 90 91 


APPLICATION 

1. Design (Ph. C) 

2. Devl/Fab (Ph. D) 

3 . Operations 


1 .]. USAGE SCHEDULE; 

TECHNOLOGY NEED DATE 
NUMBER OF LAUNCHES 


14. REFERENCES; 


REPRODUCIBILlW OF THE 

O^AL PAGE IS POOR 


15. LEVEL OF STATE OF ART 


I. BASIC PMENOMtNA OBSERVED AND RErORTi-D. 

3. IIIEORY roilMCLATED TO DESCRIBE PHENOMENA. 

3. THEOrn TESTED BY PHYSICAL EXPERIMENT 

OR MATHEMATICAL MODEL. 

4 . PERTINENT I UNCTION OR CHARACTERISTIC DEMONSTRATED, 
E.G., MATEKUL. COV PONENT, ETC. 


8. COMPONENT OR BREADBOARD TESTED IN RELEVANT 
ENVIRONMENT IN THE LABOR.\TORY. 

8 . MODEL TESTED IN AIRCRAFT ENVIRONMENT. 

7. MODEL TESTED IN SPACE ENVTRONMENT. 

I. NEW CAPAIHLITY DERIVED FROM A MUCH LESSER 
OPERATIONAL MODEL. 

•» REUARILITY UPGRADING OF AN OPERATh.iNAL MODEL. 
10. LIFETIME EXTENSION OF AN OrLRATlQN.VT. MODEL. 
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Flight Teat of a Low MolacLilar Weight. P-rnpt»U ant Rnmharrlmarvt NO. 

Thruster Subsystem PAGE 4 of 4 


COMPARISON OF SPACE & GROUND TEST OPTIONS 


8. SPACE TEST OPTION test ARTICLE: Flight test of loui tnoleoular weight 

propellant bombardment thruster subsystem. 


TEST DESCRIPTION : ALT. (max/min) 




km, INCL. 


dag, TIME 


hr 


Subayatam teat on a low rnst taat haH at ahiittla altitiiria. 


BENEFIT OF SPACE TEST: Would allrm amirata riafinitiona of parformanne paramatara, 
intarfaraa^ and ayctam lifatTma- 


EOUIPMENT: WEIGHT 

POINTING 

ORIENTATION 


kg, SIZE 


STABILITY 


DATA. 


m, POWER 


kW 


CREW: NO. 


OPERATIONS/DURATION 


/ 


SPECIAL GROUND FACILITIES: Very large space simulation chambers* 

_ _ existing: YES El NO n 


.TEST CONFIDENCE Q.q 


9. GROUND TEST OPTION TEST ARTICLE: 


TEST DESCRIPTION/REQUIREMENTS: 


SPECIAL GROUND FACILITIES: 


, EXISTING: YES D NO □ 


GROUND TEST LIMITATIONS: Very large cost and difficulty in simulation of space 

vacuum with light propellants. Impossible to simulate GN and C requirements 


jLd ground testa. 


TEST CONFIDENCE 


D.6 


10. SCHEDULE & COST 

SPACE TEST OPTION 

GROUND TEST OPTION 

TASK CY 







COST ($) 







COST ($) 

1. ANALYSIS 

2. DESIGN 

3. MFG & C/0 

4. TEST & EVAL 















TECH NEED DATE 














GRAND TOTAL 


GRAND TOTAL 




11. VALUE OF SPACE TEST $ 


(SUM OF PROGRAM COSTS $ . 


12. DOMINANT RISK/TECH PROBLEM 


COST IMPACT 


PROBABILITY 


COST RISK $ 


n noR ;>) hib 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. E-15 



PAGE 1 OF _A. 


2. TECHNOLOGY CATEGORY: Propulsior 


OBJECTIVE/ ADVANCEMENT REQUIRED:. Tp demonstrate the space storability 


of solid rocket motors 



HAS BEEN CARRIED TO LEVEL 


3. DKSCMHPTION OF TKCHNOLOGY 

Solid propellant rocket motors have been stored and used successfully after 
long storage times on earth, but have not been used after long time exposure 
in space* There is currently some doubt on the reliability of a unit after 
ouch exposure* A demonstration needs to be accomplished so that limits of 
exposure can be defined; flight type units could then be successfully stored 
in space* 


P/L REQUIF.EM ENTS BASED ON: Q PRE-A.Q A,Q B.Q C/D 


(L HATIOXALK AND ANALYSIS: 

a* Trips to the outer planets require up to 3 years and very reliable 
propulsion maneuvers for retro into orbit or landing; thus, extended exposure 
data needs to be provided* 

b. On-orbit operations at the planets, extraterrestial landing and take off, 
and for shorter periods low earth orbit to geosynchronous orbit* 

c* The result of these tests will give confidence that solid motors will 
perform as-designed after space exposure* 

d* Flight design unit and samples should be carried into space and then 
inspected after various exposure times* 


TO BE CARRIED TO LEVEL _ 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. E-15 

1. TECHNOLOGY REQUIREMENT(TITLE): Space Storabilitv of PAGE 2 ; F 1. 

Solid qQcKBt . JlBtora .. ■ — 

7. TECHNOLOGY OPTIONS: 

The minimum time should be 2 weeks, with severe exposure conditions and it iu 
necessary to have a 1 to 2 year exposure. A 5 year or longer exposure would 
even be better with samples being returned periodically. The areas of 
greatest interest are: propellant mechanical properties, bond strength, and 

ignition. The reaction of ammonium perchlorate to nuclear radiation at low 
dosage for long times could be correlated with existing data performed for 
short time periods. 


8, TECHNICAL PROBLEMS: 


5 ). POTENTIAL ALTERNATIVES: 

Ground test in dedicated facility which can provide high vacuum, temperature, 
and nuclear radiation# 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

Technology will not advance without NASA resources. 

EXPECTED UNPERTURBED LEVEL ^ 

11. RELATED TECHNOLOGY REQUIREMENTS: 

This could be flown un the LDEF. 



DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. E-15 


1. TECHNOLOGY REQUIREMENT (TITLE); 


PAGE 3 OF 


12. TECHNOLOGY REQUIREMENTS SCHEDULE; 

CALENDAR YEAR 

SCHEDULE ITEM 75 76 7T_T^T^^ 81 82 83 84 85 86 87|s8 89 9o|91 


! TECHNOLOGY 

!• Design of Experiment 

2. Fabrication 

3. Exposure 

4. Test Results 


APPLICATION 

1. Design (Ph. C) 

2. Devi/ Fab (Ph. D) 

3. Operations 


i:5. USAGE SCHEDULE; 

TECHNOLOGY NEED DAT E 
NUMBER OF LAUNCHES 


TOTAL 


14. REFERENCES; 




15, LEVEL OF STATE OF ART 


1. BASIC PHENOMtNA ODSERVED AND RFrORTED. 

a. theory >'oumi’lated to describe phenomena. 

3. theory tested dy physical experiment 

OR MATHEMATICAL MODE I.. 

4. PERTINENT J I NCTlON OR CHARACTERISTIC DEMONSTRATED. 
E.C.. MATEUIAL, COVPO.NENT, ETC. 


I. COMPONENT on BREADBOARD TESTED IN RCLEVAiNT 
ENVIRONMENT IN THE LARORAIVRY. 

4. MODEL TESTED IN AIRCRA>T ENVIRONMI NT. 

7. MODEL TESTED IN SPACE ENVIRONMENT. 

I. NEW CAPAIHLITY DLRIVED FROM A MUCH LESSER 

operational model. 

t. REUAKLITY UPGRADING Of AN OPERA FH *NAL MODEL. 
19. UFETIME EXTENSION OF AN OIL RATION O. MODEL. 
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TITLE Space Storabilitv of Solid Rocket Mot ors 


COMPARISON OF SPACE & GROUND TEST OPTIONS 


8. SPACE TEST OPTION jEST ARTICLE: . 


NO. E-15 
PAGE 4 of 4 



: ALT. (mtx/min) _ 

/ km. INCl. 

4«,TIME hr 

1 oc T n cnArsa • ht 





EQUIPMENT: WEIGHT 1QQ k#. SIZE Im X Im X Ini m, POWER 0 

POINTING STABILITY r.rtn« DATA 

ORIENTATION CREW: NO. OPERATIONS/OURATION J_ 

SPECIAL GROUND FACILITIES: < 


existing: yes no □ 

TEST CONFIDENCE 75«t 



SPECIAL CIOUND FACILITIES 


GROUND TEST LIMITATIONS: 


.EXISTING: YES Q NO 


10. SCHEDULE & COST 

TASK 


1. ANALYSIS 


2. DESIGN 


3. MFG ft C/0 


4 . TEST ft EVAL 


TECH NEED DATE 


TEST CONFIDENCE ; 


GROUND TEST OPTION 


COST ($1 



11. VALUE OF SPACE TEST $ 


12. DOMINANT RISK/TECH PROBLEM 


GRAND TOTAL 


(SUM OF PROGRAM COSTS $ . — ■ ,, 


COST IMPACT PROBABILITY 


COST RISK $ 


n (iDR ;•) ? 7r> 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. E-16 


1. TECHNOLOGY REQUIREMENT(TITLE): 





7. TECHNOLOGY OPTIONS: 

The results of these tests should permit the control requirements to be 
reduced by a factor of ten from knowledge of parameters and factors which 
contribute to misalignment of the thrust vector, an accurate measurement of 
the parameters, and spacecraft balance. 



8. TECHNICAL PROBLEMS: 

Space measurements to accuracy required. Assumes that cold gas and rocket 
motor hot gas flows can be modeled for correlation of data and analysis. 



10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT; 

Technology will not advance without NASA resources. 


EXPECTED UNPERTURBED LEVEL 2 


11. RELATED TECHNOLCXIY REQUIREMENTS: 



FMC Buiffi ww rr b® 








DEFINITION OF TECHNOLOGY REQUIREMENT 


I . TEC HNOLOGY REQUIREM ENT (TITLE) : Measurement of Solid 


NO. E-1C 


RAGE 3 ( )F i 


r; V SlitinTuTitt ii 


12. TF'^HNOLOGY REQUIREMENTS SCHEDULE; 

CALENDAR YEAR 


SCHEDULE ITEM 

TECHNOLOGY 

1. 

Analysis 

2. 

Experimental Design 

3. 

Fabrication 

4. 

Test 

5. 


APPLICATION 

1. 

Des^in (Ph. C) 

2. 

Devl/Fab (Ph. D) 

3. 

Operations 

4. 




13. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF IJ^LNCHES 


H. REFERENCES: 



15. LEVEL OF STATE OF ART 

1. BASIC OHSl RVl P AND HFI'OKTtD. 

I. TlirORY KMIMCLATI!) TO DtS< i;!BF. ?m NOMFNA. 

3. THI<m> nN~|T:n by IMIVMCAI. I XPtHINitNT 
OH .\htiii:m\tical modi i.. 

♦. PiMTIM N r II rVTlON OH CHAiUi TCRISTIC DIMONST RATED. 
E.C.. MATtHUL. IT'^*I»0\I NT. tlC. 


S. COMi'ONFNT OR HRtADBOAKD I tSTLD IN REMA'ANT 
ENVIRONMENI IN TIU. tAf«)RMOHY. 

«. liODEt TtSlI.D IN AlRt RAIT I NVIRUNMI NT. 
t, MODEL TESTED IN SPACI ENMRONMI N { . 

I. KEW CAPAmUTY DLHAl 0 IIMM A MVCI! LESSER 
OPCRAYIONAL MiiDlL 

f. RKUAWLITY UPORADINC Ut OPERA fl* 'NAI MODEL. 
Id. UFETIME EXTENSION OF AR OI I RATION MODI I . 
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TITLE 


COMPARISON OF SPACE & GROUND TEST OPTIONS 

8. SPACE TEST OPTION TEST ARTICLE: So lid Motor ModRl nr 5ii 

tian and Cold Gas Flow System. 


NO. E-16 

, PAGE 4 of 4 


TEST DESCRIPTION : ALT. (max/min) 


km, INCL. 


deg, TIME 


BENEFIT OF SPACE TEST: determine the misalignment of thrust vector to greater 


accuracy and provide understanding and correction to spacecraft ir 

EQUIPMENT: WEIGHT 5QQ kg. SIZE in, X X m, POWER _ 

POINTING ani^ STABILITY 301 ^ DATA ai 

ORIENTATION anv^ CREW: NO. J OPERATIONS/DURATION 

SPECIAL GROUND FACILITIES: 


existing; yes □ NO □ 
.TEST CONFIDENCE 


9. GROUND TEST OPTION TEST ARTICLE; Very difficult without zero-g and high 
vacuum; facility and equipment do not now exist, 

TEST DESCRIPTION/REQUIREMENTS: 


SPECIAL GROUND FACIL'^IES: 


GROUND TEST LnVi. TAT IONS: 


^EXlSTlNG: YES D NO □ 


10. SCHEDULE 8t COST 


1. ANALYSIS 

2. DESIGN 

3. MFG & C/O 

4. TEST & EVAL 
TECH NEED DATE 


11. VALUE OF SPACE TEST $ 

12. DOMINANT RISK/TECH PROBLEM 


SPACE TEST OPTION 


TEST CONFIDENCE 

GROUND TEST OPTION 


COST ($) 












GRAND TOTAL ] 


COSTIS) 


1 1 GRAND TOTAL | 

(SUM OF PROGRAM COSTS $ ) 

COST IMPACT PROBABILITY 


COST RISK S 

1 MDR ;>l mb 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO, E-1 7 

1 TECHNOl.OCY REQIJIREMENT (TITLE) : Final Qualification PAGE 1 OF ^ 

nf hiy£ir;q.7i-rm. Rpc^ictnjp.t 

2. TECHNOLOGY CATEGORY: Prnnni 

OBJECT IVI./ ADVANCEMENT REQUIRED: In Hpmnn.c^f. rate flight^jceadiness of 

hyHrayi ne. riaQi fnr ncta in c^parp>^ 


i. ('UPKENT STATE OF ART: Hydr;g7 ine resis_toiets have been built and tested 

hiiii nnf, flnwn. 

HAS BEEN CARRIED TO LEVEL 5 

3. DKSCMHUTfON OF TECHNOLOGY 

A small hydrazine resistojet in the 30 to 100 millipound thrust range com- 
bined with an appropriate feed system and instrumentation is flown in space 
and operated over a spectrum of pulse lengths and heater powers. 


P/L REQUIREMENTS BASED ON ; □ PRE-A,D A,Q B,D C/D 

f>. HATh )NALE AND ANALYSIS: 

a. More reJ table thrusters with improved performance are needed for future 
NASA missis The hydrazine resistojet is such a device but an orbital 

f J ight is necessary to qualify the device for flight readiness acceptance. 

b. This advancement is applicable to on-orbit operations^, 

c. Attitude control systems are increasingly required to perform reliably 
and repeatedly for longer periods of time with more operating cycles. The 
hydrazine resistojet has no catalyst beJ and so has the potential for very 
high operating cycle life with highly repeatable pulses. The specific 
impulse is slightly higher than the equivalent catalyst bed thruster. The 
minimum impulse bit achievable approaches the size obtainable with cold gas 
which tends to save fuel and/or give finer attitude control. 

d. The thruster must be carried through a complete component, test under 
flight operation conditions. 


TO BE CARRIED TO LEVEL ^ 



DEFINITION OF TECHNOLOGY REQUIREMENT 


NO.E-17 


1. TECHNOLOGY REQUIREMENT(TITLE) 


PAGE 2 OF 



7 . TEC HNOLOGY OPTIONS: 


8. TECHNICAL PROBLEMS: 

Electrical haater life is a potential problem on extremely long missions, 

y. POTENTIAL ALTERNATIVES: 

1. Incorporate the thruster in payloads based on ground testing only. This 
is highly unlikely. 

2. Fly is as an experiment on some unspecified s/c launched on a Delta rocket 

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

Technology will not advance without NASA resources. 

EX PECTED UNPERTURBED LEVEL 

11. RELATED TECHNOLOGY REQUIREMENTS: 

None 




DKMNITION OF TECHNOLOGY REQUIREMENT NO. e-1 7 


TECHNOLOGY REQUIREMENT mTI.EL Final Uualification Tes t RAGE 3 OF 


12. TECHNOLOCJY REQUIREMENTS SCIIEDUI.E: 

CALENDAR YEAR 


sc HE DU IF ITEM 

TECHNOLOGY 

1. 

Design 

^ • 

Fabrication 

3. 

Test 

4. 

Flight Readiness 

5. 


1 APPLICATION 

1. 

Design (Ph. C) 

O 

Devi/ Fab (Ph. D) 

3, 

Operations 

4. 



USAGE SCHEDULE: 





TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 


11, REFERENCES: 



15. LEVEL OF STATE OF ART 

1. HASir PHKNOMt NA OKSFRVI I) AND ‘IF I'OHTr.D. 

2. TIIFOKY KOItMrivUKf) TO DFS(T;:mt wn nomena. 

3. TtlFOR'i TFSli:n HY pm Mr A I. expekiment 

OH MATIIPMATICAL MOD! I.. 

4 . PEHTIM N I I I Nt nON OR CMAKAC TE HI STIC DF.MONSTRATED, 

E.G., MATERLU., pONFNT, EK’. 


5. COMPONENT OR nHEADDO.-VRn IhS'ihi) IN .i XEVANT 

ENVIHONMENI IN TME LAHOR.\lC»RY . 

6. MODEL TESn.D IN AIRCRAFT F NVIRUN.MF NT . 

7. MODEL TESTED IN SPACE E.N CIRi iNMENT . 

8. NEW CAPAJUl.lTY PERIVT D Eiuni A LESSER 

operational .MODLL. 

9. RF:LlAniLIT\ UI'GRADINC OF \N OPERA fH 'NAI MODLL. 

10. lifetime extension of an on ration VT. modf l. 
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TITLE Final Qu alification Test of Hydrazine Resisto.jet 


NO. E-17 
PAGE 4 of 4 


COMPARISON OF SPACE & GROUND TEST OPTIONS 

8. SPACE TEST OPTION TEST ARTICLE: Hydrazine Resistoiet 


TEST DESCRIPTION : ALT. (m?x/min) nn m^v /inw INCL. ^J/A defl.TIME m/a hr 

Operate a hydrazinn rp.qint.n j nt. nuer a range nf riii + y ryrlpg anri pnwp.r i npiitR. 


BENEFIT OF SPACE TEST: Qualification of a new type of thruster as space proven hard- 
ware to make it available as a prime system co mponent for spacecraft. 

EQUIPMENT: WEIGHT ^ SIZE .4 X X ,4 POWER .□□B-.n.TO '^W 

POIN I ING N/A STABILITY N/A DATA pressure. tsmpe-rpiturR 

ORIENTATION out CREW: NO. 1 OPERATIONS/DURATION 3-12 l^hr.max 

SPECIAL GROUND FACILITIES: fuel inn 

existing: yes (3 NOPI 

_ , TEST CONFIDENCE 90?^° 

9. GROUND TEST OPTION TEST ARTICLE: 


TEST DESCRIPTION/REQUIREMENTS: Since the object cf the tent i.n actual operation in 

5pac3, there is no ground test option^. 


SPECIAL GROUND FACILITIES: 


EXISTING: YES □ NO Q 

GROUND TEST LIMITATIONS; 


TEST CONFIDENCE 


10 . SCHEDULE & COST 

SPACE TEST OPTION 

GROUND TEST OPTION 

TASK CY 







COST ($) 







COST ($) 

1 . analysis 

2. DESIGN 

3. MFG & C/0 

4. TEST & EVAL 















TECH NEED DATE 














GRAND TOTAL 


GRAND TOTAL 





11. VALUE OF SPACE TEST $ (3UM OF PROGRAM COSTS $ 


12. DOMINANT RISK/TECH PROBLEM COST IMPACT PROBABILITY 


j COST RISK $ 

n (TDR '?) mb 
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DEI’INITKW OF TECHNOLOGY REQUIREMENT NO. E-1 6 

1 TECHNOLOGY REQUIREMENT (TITLE): Final Qualification of PAGE 1 OF _±, 

an Pr-npi |1 ci nn j^iihcyg + am 

2. TECHNOLOGY CATEGORY; P-nnnlainn 

OHJECTIV'E/ ADVANCEMENT REQUIRED: Provide final verification of design 
adequ acy of a flioht-if.'fiiijht prnpulainn anhayatpin. 

1. CURRENT STATE OF ART: a bread-board FLOX/MMH propulsion subsystem has 

been tested in a vac’jum facility* 

] HAS BEEN CARRIED TO LEVEL ^ 

5. DKSCMHPTION Ol* TKCHNOLOGY 

An P^^opulsion subsystem will be carrieid into orbit by Shuttle 

released on a stable platform, and fired. It will carry appropriate 
instrumentation to verify operational integrity. 


P/L REQUIREMENTS BASED ON: □ PRE-A,n A.O B,D C/D 
liATK »\AU: AND ANALYSIS: 

a. In high energy mission, specific impulse becomes a very sensitive para- 
meter . 

b. Missions A 4 and 5. 

c. The technology itself will improve payload performance, increase V, or 
shorten trip time. This experimant wirr reduce risk. 

d. The subsystem should be fully flight-q jalif ied to convince the potential 
user that is it a viable option and uncover unforeseen* problems in space may 
be revealed. 


TO BE CARRIED TO LEVEL j_ 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. E-16 


1 . TECHNOLOGY REQUIREMENT(TITLE): 

F 2 /N 2 H 4 Propulsion Subsystem 

7. TECHNOLOGY OPTIONS: 


an PAGE 2 OF 


The specific impulse in the driver for this technology. A minimum specific 

impulse of 370 Ibf-sec/lbm is required. Based upon typical outer planet 

Ui' iter missions, payload will vary decrease 3-5 Ibm per unit of Isp reduction, 


8. TECHNICAL PROBLEMS: 


LfZ handling, materials capability. 


y. POTENTIAL ALTERNATIVES: 

Earth-storable propulsion systems with their inherently lower performance, 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

If funded at an increased level, a flight-weight propulsion subsystem will 
be ready by 1900 (RTOP 506-24-26). 


The technology will not advance without NASA resources. 


ex; LCTED UNPERTURBED LEVEL 3 


11. RELATED TECHNOLOGY REQUIREMENTS: 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. E-10 


1. TECHNOLOGY REQUIREMENT rTITLEL Final Qualification of »'AGE 3 OF 


12. TECHNOLOGY REQUIREMENTS SCHEDULE; 

CALENDAR YEAR 


SCHEDULE ITEM 

TECHNOLOGY 

1. Fabrication 

2. Ground Test Checkout 

3. Flight Test and 
Documents 

4. 


75 76 77|78 79|80 81 82 83 84 85 86 87 88 89 90 91 


APPLICATION 


1. Design (Ph. C) 

2. Devi/ Fab (Ph. D) 

3 . Operations 


1.!. USAGE SCHEDULE: 

TECHNOLOGY NEED DATE 
NUMBER OF LAUNCHES 


TOTAL 


14. REFERENCES: 


LEVEL OF STATE OF ART 


1. HASIC PHKNOMtNA ORSf.KVV D ,\Nl) nFinUTHD. 

2. TIIFOHY POIIMI’LATFI) TO lH‘S('K!Hr PHI NOMFNA. 

3. THKOU^ Tl- SJ n> nv PJh^irAl. I NPtKlMKNT 

OH M-UllFM^TiCAL Mt)I)I 

4 . PKHTIM NTH Nt'TlON OK I'llAiUl TtlUSTIC DEMONSTRATED. 
E.G., MATEig.U.. rO^•^0\^^T, ETC. 


5. COMPONENT OR aREAPBOARD TESTED IN RELEVANT 
ENVIKONMENT IN THE LAMt)R.ATOHY. 
e. MODEL TESILI) IN AIRCHAH t ^V^RONM^ NT. 

7. MODEL TESTl.P IN SIWCE ENMRONMENT. 

S. NEW CAPAIUUTY DI H1\T.D EHOM A MUCH LESSKK 
OPERA! lONAL MODLL. 

9 . RELIABILITY Upr.RADINC Ot AN OPERA rii *NAI MODEL. 
10. LIFETIME EXTENSION OF AN OI 1 RATION \L MOIU L. 






[■!■] 


[ilil 


riTiTI 


r 


COMPARISON OF SPACE & GROUND TEST OPTIONS 


8. SPACE TEST OPTION jest ARTICLE: Propulsion System 


TEST DESCRIPTION : ALT. (max/min) 


km, INCL. 


deg, TIME 



BENEFIT OF SPACE TEST: 


EQUIPMENT: WEIGHT 

POINTING, 

ORIENT.UION 


_ kg, SIZE 

.STABILITY 

CREW: NO. 


X m, POWER 

OATA 

OPERATIONS/DURATION 


SPECIAL. GROUND FACILITIES: F propellant loading facility at cape. 

existing: yes □ NO □ 

TEST CONFIDENCE 



SPECIAL GROUND FACILITIES: Attitude test facility 


GROUND TEST LIMITATIONS: 


.EXISTING: YES n NO □ 


10. SCHEDULE & COST 

TASK 


1. ANALYSIS 


2. DESIGN 


3. MFG & C/0 


4. TEST & EVAL 


TECH NEED DATE 


TEST CONFIDENCE Rpiq!; 


GROUND TEST OPTION 



11. VALUE OF SPACE TEST $ 


12. DOMINANT RISK/TECH PROBLEM 


GRAND TOTAL 


(SUM OF PROGRAM COSTS $ 


COST IMPACT PROBABILITY 


COST RISK $ 


! I n DR I /'> 


231 












DEFINITION OF TECHNOLOGY REQUIREMENT NO. 9 

1. TECIINOl.OGY REQUIREMENT (TITLE); Fin;.! Qualifir,;,t.iDn PAGE 1 OF ±_ 

Tgg+ nf rpe-iiim Tnn Fngina . _ — 

2. TECHN(M.()GY CATEGORY: Prnp iiicinn 

OBJECTIVE/ ADVANCEMENT REQUIRED: To qualify a cesium ion engine as 
space prQ\/en hardware to makp it available as a prime sx/stem component for 

spacecraft. ___________ 

1. rii HHKK'T STATE OF ART; Has been flown as an experiment but was not 

comp l etely successfLa. . , 

HAS BEEN CARRIED TO LEVEL 2 

5. DESI'KIUTION OF TECHNOLOGY 

A cesium ion engine thruster system is flown in space and operated through 
a number of on/off cycles. 


P/L REQUIREMENTS BASED ON: □ PRE-A.D B,Q C/D 

C. RAT1( )N'A1.K AND ANALYSIS: 

a. The previous -Tlight of this engine satisfied all objectives except for 

a valve failure due to zero-g effects during an on/off cycle. This has been 
corrected by redesign. An orbital flight is necessary to qualify the new 
design for flight readiness acceptance, 

b. Payloads in earth orbit benefit from this technology, 

c. The projected NASA program shows the need for high specific impulse, low 
thrust engines for use on orbital spacecraft. The cesium ion engine is such 
a device, 

d. An orbital flight verifying design adequacy of a thruster system module 
will fully mature the technology for application to s/c systems. 


TO BE CARRIEL fO LEVEL _9 





DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. E-19 


1. TECHNOLOGY REQUIREMENTmTLE^! Final Qualification Test PAGE 2 OF A- 
□f Cesium Ion Engine 
7 . TECHNOLOGY OPTIONS: 


8. TECHNICAL PROBLEMS: 

The redesigned fuel feed valve may still not function in zero-g. 


•J. POTENTIAL ALTERNATIVES: 

None 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

Technology will not advance without NASA resources. 


EXPECTED UNPER TURBED LEVEL j_ 

11. RELATED TECHNOLOGY REQUIREMENTS: 

None 


/ 
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12. TECHNOI.OCIY REQUIREMENTS SCHEDULE: 


CALEiIDAR YEAR 


SCHEDULE ITEM 


TECHNOLOGY 

1. Ground Testing 

2. Flight Packaging 

3. Flight Operation 


APPLICATION 

1. Design (Ph. C) 

2. Devi/ Fab (Ph. D) 

3. Operations 


. USAGE SCHEDUI.E: 


TECHNOLOGY NEED DATE 


NUMBER OF LAI NCHES 


H. REFERENCES: 




TOTAI 


LEVEL OF STATE OF ART 


1. lusir PI‘KM)Mk NA until IIVI It AM) •IFI’UKTl.D. 

2. TiuoK\ u I) 10 m N( i::m 

3. riv I ‘vPJHlMKNT 

OH MAinrM\ru u, \!om i,. 

4. PhHriM M n M'TinS <>U CHAUAa mUSTir monstratkd. 

r . MAT^ lu U . (•( '>*JM , I » i . 


6. COM»K>NI NT OH tUU APROAKO ItYTLO lU I ^ VA:.T 
ENVIRONMFNI IN TIl^ LAIV»)R\1LH'.Y. 

6. MOD^ L ThSlJ U IS AIRCHAH t NVlH )N>t^ SI . 

7. JiOOEL rrST! P iN S!‘A^‘» t.vviRONMFNl 

4, NKW CAPAIUI ITY P'.HiVi 0 > HUM A NP'UI! U.NbKK 
OPR RAT ION A I. MUDLL. 

f. RtUA/WUTH opt.HA MSC tJl ANOPI KAII^ NM MC'Pl.l,. 
XO. LIKklTIMR RXTKNSH>N 0» AN oi 1 RATION x* MOP^ I., 


z 










TITLE Final qualification Test of Cesium Ion E 


COMPARISON OF SPACE & GROUND TEST OPTIONS 


8. SPACE TEST OPTION TEST ARTICLE: . 


ALT, (max/min) 

/ 

km. INCL. 

d«Q,TIME 

hr 


1 _ _ ^ 

/ .r r* . . 1 



. 


BENEFIT OF SPACE TEST: Faulty operation 


attributed to zero-g 


EQUIPMENT: WEiGHT 

POINTING 

ORIENTATION 

SPECIAL GROUND FACILITIES: 


_ kfl. SIZE X X en, POWER 

. STABILITY DATA 

CREW; NO. OPERATIONS/OURATION 


9. GROUND TEST OPTION TEST ARTICLE; 


TEST DESCRIPTION/REQUIREMENTS: 


SPECIAL GROUND FACILITIES: 


GROUND TEST LIMITATIONS: 


.TEST CONFIDENCE 


existing: yes □ NO □ 

FIDENCE 15% 


,EXISTING: YES Q NO □ 


TEST CONFIDENCE 


10. SCHcUUlE & COST 


1. ANALYSIS 

2. DESIGN 

3. MFG & C/0 

4. TEST & EVAL 
TECH NEED DATE 


SPACE TEST OPTION 


COST ($) 


GRAND TOTAL 


GROUND TEST OPTION 



















II GRAND TOTAL | 


COST ($) 


11. VALUE OF SPACE TEST $ 

12. DOMINANT RISK/TECH PROBLEM 


(SUM 05 PROGR AM COSTS $ I 

COST IMPACT PROBABILITY 


I COST RISK S 

FT (TOR 71 7'75 
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Summary 


Three major cost reduction thrusts were developed as directions 
for advanced propulsion technology development. They are: 

1. Reduce cost of transport from earth to low eai’th 
orbit from 500 $/kg to 50 $/kg 

2. Reduce cost of transport from earth to geosynchronous 
orbit from $3000/kg to 500 $/kg 

3. Reduce cost of transport from earth to the outer 
reaches of the planet from 3x10® $/kg to 3000 $/kg. 


The relative importance of each of the three thrusts depends 
to a large extent on the specific missions ultimately given 
priority by NASA. Consequently, the group has identified technology 
areas according to the type mission which would drive research in 
thnt area. The present state of development of the particular 
technology has been assessed and it has been identified with at 
least one of the three major thrusts. The accompanying Table of 
Advanced technology Requirements represents a summary of the 
findings of the Propulsion Technology Working Group. 


Code Current Status 


Readiness Date 


A In Use 

B Near Term 

C Far Term 

D Conceptual 


Prior to 1975 
1975-1985 
1985-2000 
Post 2000 


Candidate payload experiments were also identified which could 
be advantageously carried out in near-earth space using the Shuttle 
Orbiter, its payload bay, the Spacelab and/or some free-flying 
device that might be used for long duration testing. The nineteen 
experiments identified were grouped in three categories according 
to the principal rationale for carrying out experiments in space: 


I. The special characteristics of the space environment 
makes testing from the Shuttle Orbiter and its related 
equipment the only, or most reasonable, approach for 
obtaining data. 

II. Testing in space is expected to be more cost-effective 
than carrying out similar tests on earth. 

III. Tests in near-earth space provide a very close approximation 
to the conditions to be encountered by operating systems 
and as such may reveal unforseen problems of operations 
in space or may otherwise provide risk reduction for the 
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hardware design. In this way space testing will aid in 
giving user acceptance of a new technology. 

The accompanying table of Candidate Space Experimental Payloads 
summarize the suggested propulsion experiments . 


Space 

I. 

II. 

III. 

No. 

El 

E2 

E3 

E4 

E5 

E6 

E7 

E8 

E9 

ElO 

Ell 

E12 

E13 

E14 

E15 

E16 


TABLE OF CANDIDATE SPACE EXPERIMENTAL PAYLOADS 

Payload Justification Categories 
Space Environment Essential 
Space Experiment Most Cost Effective 
Space Demonstration to Reduce Risk 


Justification 


Title Category 

Spacecraft Charging and High Voltage Inter- I 

actions with Plasma (submitted to Power 
Technology Group) 

Flight Test of 8-cm Bombardment Thruster I 

High Temperature Plasma Core Reactor Fluid I 

Mechanics (low-g) (submitted to Basic Research 
Technology Group) 

Vibration Test of Solid Rocket Motors I 

The Storage Supply and Transfer of Cryogenic I 

Fluids in Space (submitted to Thermal Control 

Group) 

Propellant Management Device Design Parameters I 

at zero-g 

Thruster Induced Back Contamination I 

Supercritical Combustion Measurements in zero-g I 

Pulse Characteristics of Small Thrusters I 

Flight Test of Composite Engine I 

Deployment/Assembly and Control of Large Space I 

Propulsion Energy Sources (Solar Sails, Solar 
Energy Concentrators, Solar Photovoltaic Panels) 

Sublimation Properties of Solidified Propellants I 

Flight Test of SEP Thrust Subsystem II, I 

Flight Test of Low Molecular Weight Propellant II 

Bombardment Thruster 

Space Storability of Solid Rocket Motors II, HI 

Measurement of Solid Rocket Motor Thrust Alignment III 


V 




No 


E17 

E18 

E19 


Title 

Final Qualification Test of N 2 H 4 Risistojet 
Final Qualification of F2/^2^4 Propulsion System 
Final Qualification Test of Cesium Ion Engine 


vj 


Justification 

Category 

III 

III 
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Introduction 




The Propulsion Technology Working Group Report has been 
divided into two parts. Part I has summarized the Group's effort 
in identifying and classifying appropriate advanced technology 
requirements which are consistent with the needs described by the 
Technology User Group and of the Outlook for Space Study. Part II 
has summarized the experimental aspects of that technology 
which might be advantageously carried out in near-earth space using 
the Shuttle Orbiter, its payload bay, the Spacelab and/or some 
free flying device that might be used for long-duration testing. 

The major goal for propulsion technology was to reduce space 
transport costs in order to faciliatate all the goals of the space 
program. Three major thrusts were derived from that goal: 


1. Reduce cost of transport from earth to low orbit 
from 500 $/kg to 50 $/kg 

2. Reduce cost of transport from earth to geosynchronous 

orbit or to earth escape from 3000 $/kg to 500 $/kg 

3. Reduce cost of transport from earth to the outer 

reaches of the solar system from 3x10® $/kg to 3000 $/kg. 

The central point of the Group's effort was the Table of 
Advanced Technology Requirements (Part I, Section 2) which 
summarizes the propulsion technologies considered during the 
workshop, along with the technology driver (either a specific 
type of mission or a new technology opportunity) . In addition, 
the Table has catagorized each technology according to its state 
of readiness as well as its relationship to the major thrusts 
identified by the Group. 
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Part I. ADVANCED TECHNOLOGY REQUIREMENTS 

1. Introduction 

The objective of the Part I report is to identify and classify 
those propulsion technology eleme/its that are seen by the Propulsion 
Technology Group to meet the expressed technology needs of the 
Workshop Technology User Group and of the Outlook for Space study. 
This report is intended to be a response to the calls for Mission 
Driven Technology and Opportunity Drive Technology. 


The elements discussed and presented by the Propulsion Technology 
Group are shown in Table of Advanced Technology Requirements (Section 2) 
which serves also as a supplemental table of contents. The entries 
generally are made at the system level rather than the component 
level. They are categorized in a manner similar to that used in 
the Technology Forecast of the Outlook for Space study (Ref. 1): 
first, by the manner in which the energy used for propulsion is 
obtained (collected in space, stored in electronic or chemical 
energy states, or stored in nuclear energy states); and second, 
by the current status of the technology. The status of technology 
development is an indication of the current technical maturity or 
of the projected technology readiness date. The table in Section 3 
shows the following technology status codes: 


Code Current Status 


Readiness Date 


A In Use 

& Near Term 

C Far Term 

D Conceptual 


Prior to 1975 
1975-1985 
1985-2000 
Post 2000 


The Table of Section 2 lists lists entries by energy category, with 
technology readiness code letter shown to the right of each item. 

In order to relate the identified technology to user (mission) 
needs, five mission operating regimes were established: 

1. Earth to low earth orbit. 

2. Low earth orbit to geosynchronous orbit or earth escape. 

3. On orbit operations 

4. Interplanetary 

5. Extraterrestrial operations: orbit insertion, landing 

and take off, etc. 
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All tpace missions identified in the User Requirements and 
the Outlook for Space drive propulsion technology requirements 
■>n one or more of these regimes. Thus, rather than repeatedly 
list all of the missions supported by each of the technology 
entries, each entry in the table is identified with one or more 
of the operating regimes, which is shown in the column entitled. 
Technology Driver. The reaction to mission needs is thus implied 
by the operating regimes required for any mission. 

All technology entries that are classified as "conceptual" in 
the Technology Readiness Code column are identified as being 
"opportunity driven" technology in the Technology Driver column, 
and are not related to mission operating regimes. The technology 
in this category has not yet been advanced to the point which 
parameters are well enough known to establish possible advantageous 
application; however, the possibilities are sufficiently attractive 
to encourage advocacy of research. 

The objective, description, and justification for each 
technology entry provided on the Definition of Technology 
Requirement forms were completed only to the extent that readily 
available information existed. The said information is summarized 
in Section 4. 

In cases where all or a major part of the propulsion-related 
technology fell into the purview of the Basic Research Technology 
Group or another Technology Group, the technology item was 
referred to that group and only a summary is included in Section 3 
in this report for completeness. The referral of these items is 
Indicated in the table of Section 3. 


In addition to pursuing the orginal objectives of the workshop, 
each group was asked to generate some "major thrusts" of the 
technology in their respective area disciplines. Those generated 
in the Propulsion Technology Group are also shown in the table of 
Section 2 in the column entitled Major Thrusts Code. This is 
further explained in the following section. 
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4 . Overall Observations and Summary of Part I 

The workshop initially had two major objectives: firstly to 

identify experiments and secondly to identify areas of new technology. 
At the midpoint of the workshop/ the Technology Groups were asked 
to respond to an additional objective: identify from the work to 

that point some overall goals that might be taken as major thrusts 
of the technology advances required in the various disciplines 
represented. The major thrusts identified for Propulsion derive 
directly from a central goal of propulsion technology: to reduce 

space transport cost and thereby to facilitate all the goals of 
the space progreun. Three major thrusts developed for propulsion 
are: 

a. Reduce cost of transport from earth to low earth orbit 
from 500 $/kg to 50$/kg 

b. Reduce cost of transport from earth to geosynchronous 
orbit from 3000$/kg to 500$/!:g. 

c. Reduce cost of transport from earth to the cuter reaches 
of the solar system from 3x10® $/kg to 3000 $/kg. 

The cost figures shown were very roughly derived from the 
possible technology advances forecast in the Outlook for Space 
study; and these need to be reexamined in more detail if such 
goals are to be adopted. Nevertheless, cost figures are close 
enough to realizable goals to show-that possible reductions in 
the cost of space operations are so great that pursuit of the 
required propulsion technology could essentially enable several 
classes of missions outlined in the Outlook study and in the 
Workshop Users inputs. It should be recognized that a number of 
goals, equally important but of less sweeping consequences, can 
also be identified. The desirability of adapting any of these 
major thrusts as NASA goals must, of course, depend on overall 
NASA mission planning. The investment required in achieving these 
goals might be of the order of $5 x 10^ total for the first goal 
and $5 x 10® each for the second and third goal?; the investment 
would be spread over a technology development period of five to 
ten years. 

Several observations can be drawn from the technology require- 
ments discussed by the Propulsion Technology Group and presented 
herein. These following observations are categorized by the mission 
operating regimes described earlier. 

Earth to low orbit 


Large launch vehicle systems will continue to use chemical 
propulsion exclusively. If heavy lift vehicles in the 10^ kg 
payload class are required in future missions, some reduction in 
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transport cost could come about by reducing mission requirements, 
as compared with those requirements placed on shuttle. For example 
missions could be flown unmanned, with no return payload and no 
cross-range on return. Such reductions in requirements, taken 
together with technology advances to increase engine perfoxmance 
and Increase structrual efficiency of the vehicle, will lead to 
large cost reductions by way of fully reusable mission concepts, 
even single-stage-to-orbit. A number of the propulsion technology 
advances identified at the workshop would contribute to these 
possibilities : 

a. High pressure engines burning high^density hydrocarbon 
fuel with oxygen 

b. Composite engines which convert from an air breathing 
engine to a rocket engine in different operating regimes. 

c. Low cost liquid reocket booster engines 

d. Large and low cost solid rocket booster motors. 

Low earth orbit to geosynchronous orbit or earth escape 

The propulsion technologies selected for advanced development 
in this operating regime will depend heavily on the strategies 
selected for orbit transfer - the question of resuable vs non- 
reusable stages. 

If fully reusable stages as in TUG designs are selected, then 
technology entries related to high performance 

to hydrogen storage and handling will have bearing. Alternative 
higher density propellant combinations, with attendant engine 
technology, should also be studies to determine if hydrocharbon 
fuels, amine fuels, nitrogen tetroxide oxidizer, or fluorine 
oxidizer might bo used to gain advantages in performance, in 
packaging, and/cr in direct cost. 

Large arrays of low-thrust electric thrusters, operated with 
either a solar or a fission nuclear electric power source, must 
also be considered for these applications. Key technology drivers 
of the propulsion device for these approaches will include low 
system mass and long operating life of the power supplies and 
the thrusters. Thrusters used in this application might be either 
electrostatic or magnetoplasmadynamic, using argon as the propellant. 

Research on laser generators and laser energy converters may 
yield prospects for efficient beaming of energy from remote energy 
sources to reusable orbit transfer vehicles which wculd be driven 
by electric thrusters. 

If expendable vehicles or combinations of expendable and reusable 
stages (Ref-2) are selected then the low cost of the expendable 
stages will be of prime importance and the technology of high- 
performance solid motors will be directly applicable. 


On-orbit 


Many of the chemical systems currently being used for orbit 
operations such as station keeping small orbit modifications and 
attitude stabilization will continue to benefit from technology 
refinement leading in increased useable life. As satellite size 
and design lifetime increase, proportionately more benefits will 
accrue from the development and use of solar powered electric 
propulsion systems. The very low thrust (milllnewton) , precise 
impulse bit control, and high exhaust velocity of the electrostatic 
thrusters may make them ideally suited to the attitude modification 
und stabilization of very large structures, e.g. solar energy 
concentrators in space. 

Interplane tary 

The requirements for interplanetary propulsion systems fall 
into three broad classes. 

1) Currently used chemical propulsion systems will continue 
to find extensive use for accelerating spacecraft to moderately 
high velocities for interplanetary transit. 2) For higher velocity 
missions for thrusting requirements closer *-han about 2 A.U. from 
the sun (e.g. comet rendezvous or out-of-the-ecliptic probes), use 
of solar powered electric thruster systems can reduce high velocity 
stage mass, and, thereby, mission cost, by factors of two to 
ten, when compared with use of chemical stages. The projected 
needs for missions of this type define requirements for primary 
electric propulsion subsystems. 3) For still higher velocity, 
particularly for missions far from the sun, use of nuclear energy 
will be requized. Examples of such missions to the satellites of 
the major planets, with mission durations held to a few years. 

The propulsion approach to the use of nuclear energy is a light- 
weight multihundred kilowatt, fission reactor with thermionic or 
heat engine/generator energy conversion providing electricity 
for electrostatic thrusters. Technology leading to the development 
of such a nuclear electric propulsion system is clearly required 
if the solar system is to be fully explored in the next 30 years. 

A number of entries in the "conceptual" categv>ry are identified 
as having prospects for matching or surpassing nucisar electric 
systems. Because of this, research leading to performance 
potential characterization is required for the following concepts: 

a) Energy storage in metastable states (metallic hydrogen, 
atomic hydrogen, excited states of helium) 

b) Nuclear fission fluid core reactors of several types 

c) Fusion microexplosions and controlled thermonuclear 
reaction. 
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The technology refinements for orbit insertion; deorbit; 
landing and takeoff in the vicinity planets , satellites^ and 
asteroids are directed to obtaining longer storage ar.d operating 
life, lower cost, lower mass and to the requirements of tailoring 
the size and operating conditions to meet specific mission require- 
ments. To date, rockets burning earth-storable bipropellants, 
nonopropellant, or solid propellants have been used. Completion 
of the technology required for introducing the use of small fluorine/ 
hydraxine systems to this opeiating rf-gime well, however, siginif icantly 
reduce mission cost. Systems usin^ fluorine oxidizer approach the 
ultimate total system performance attainable with chemical 
propulsion. In addition, use of fluorine in small sealed systems 
for extraterrestrial operations may open the door for use of fluorine 
in larger systems operating in earth orbit. 

When nuclear electric propulsion systems are brought into 
beinc, they can be used to transport spacecraft to the planets, 

to spiral them into orbit about a planet, and then to spiral them 
them into orbit about a planetary satellite. 
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TABI£ OF ADVANCED TECHNOLOGY RBQUT~21QirS 


^ Technology (2) Major (3) 
Technology (1) Readiness Thnists 

I, Chanical Propulsion Technology Driver Code Code 

A. Stable 

(1) Liquid 

a. F2/N2H^S/C PropulsicHi Subsystan M4, 5 B (b) 

b. Lcng-Iiife Hydreizine Technology Ml, 4, 5 A (b) 

c. Long-Life Earth Storable Ml, 4, 5 A (b) 

Propellant Technology 

d. Adv. Launch Vehicle Engines M2 C (a) 

using HighHJensity Fuel and Oxidizer 

e. Adv. launch Vehicle Engines M2 C (a) 

using H2/O2 Propellants 

f . Densification of Cryogens by M2 B (a) , (b) 

use of Slush or Triple Point Fluid 

g. High Pc H2/O2 Upper Stage Engine M2, 3, 4 B (b) 

h. Tank Head - Idle and Extendable ^0, 4 B (b) 

Nozzle for Lcx^to-f-loderate Chamber 

Pressure H2/O2 Space Engine 

i. Shall H2/O2 Main Auxiliary Ml, 4 C (b), (c) 

Propulsion Systems 

j. High Perf, Space Engines Using M2, 3, 5 C (b) 

High Density Prc^llants (including 

dual fuel alternatives bo H2/O2) 

k. Low Cost Liquid Booster Engines M2 C (a) 

l. High Performance Cryogenic III, 3, 4, 5 A (a), (b) 

Insulati.on for I^usable Spacecraft 

m. Insulation for Iteusable H2 Tanks M2 B (a), (b) 

for Advanced Boosters 

n. High Temperature and High Strength Ml, 2, 3, 4 C — 

to Weight Ratio Materials for 

Propulsion System Components 

o. High PerformaiK« Structures for M2 C (a) 

Large Launch Vehicles (Submitted 

to Structures Technology Group) 

* See codes iamediately following this table. 
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Technology (1) 
Driver 

Tedinology (2) 
Readiness 
Code 

Major (3) 
Thrusts 
Code 

p. Ccnposite ITtgines Technology 

rS 

C 

(a) 

(2) Solid 




a. Low Cost Solid Rocket Booster 

M2 

C 

(a) 

b. High Perfontenoe Solid Kick 
Motors 

M3, 4 

B 

(b) 

c. High Perfonnance Solid Space 
ftotors 

M4, 5 

B 

(b) 

B, MBtciStable States of Matter 

0 

D 

(b), (c) 

C. Utilization of Indigenous Materials for 
Propulsion 

0 

C 

(b), (c) 

D, Detonation Propulsion 

M5 

C 

(b), (c) 


II, Nuclear Propulsicyi Technology 
A. Fission 
(1) NEP 


a. 

Nuclear Electric I'ropulsion 
Power Plant 

Ml, 


4 

C 

(c) 


1.) Metallic-Flu. d Heat Pipes 

Ml, 

3, 

4 

C 

(c) 


(Submitted to Themal 
Technology Group) 







2.) HighrPerformanoe Thermionic 

Ml, 

3, 

4 

C 

(c) 


Conversion (Submitted to Power 






Technology Gro^p) 





b. 

High-Power Electrostatic Thrust 
Subsystem 

Ml, 

3, 

4 

C 

(c) 

c. 

MPD Hirust Subsystem Technology 

M3 



D 

(c) 

Direct Heating 






a. 

Solid Core Nuclear Rodcet 
Technology 

0 



D 

— 

b. 

Fluid Core Nuclear Technology 

0 



D 

(c) 

c. 

High Tenparatuire Plasma Core 

0 



D 

(c) 


Reactor Fluid Mechanics (Submitted 






to Basic Research Technology Group) 
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Technology Driver Code 
M - Mission Driven Technology 

1. On-orbit operations 

2. Earth to low earth orbit (IH)) 

3. UEO to geosynchronous orbit or escape velocity 

4. Interplanetary transport 

5. Extraterrestrial landing, takeoff 

0. - Opportunity Driven Technology 
Technology' Readiness Code 

A. In use (Pre-1975) 

B. Near term (1975-1985) 

C. Far term (1985-2000) 

D. Conceptual (post 2000) 

Major Thrusts Code - Reduce Space Transport Costs 

a. EeU±h to LEO from 500 $Ag to 50 $Ag 

b. Earth to GSO or esc^^e from 3000 $/kq to 500 SAg 

c. Earth to Outer Reaches of the Solar System from 3,000,000 $Ag to 3000 $Ag 



lA U) a 


Title ; Propulsiai Subsystem 

Objective ; Design, fabricate, assemble eund test a flightvieight, 

pressure-fed blowdown F 2 /M 2 H 4 S/C propulsion subsystem. 

Description ; By end of fiscal yecu: 1979, all components vMch include 
tankage, valving, thrust diamber, and tliermal ccntrol 
will have been developed. During FY 79, the propul- 
sion system \>;ill be assembled and checked out. It will 
then undergo vibration tests, solar/themal vacuun tests 
and finally a mission duty oycle test. This final systera, 
which will ccntain ^-500 kg of propellant and have a 
thrust level of ''<27 00 N, will be f lightweight and will 
be as close as possible to the system that will be used 
in the first flight project. 

Justification ; Because of its inherently high-performajioe, many 

missicns can utilize this type of propulsion subsystem 
to significant advemtage. The performance can be used 
to reduce mission cost or enhance the mission for the 
same missicai cost. First applications will be planetary 
orbit insertion. Future applications include planetary 
satellite landing cind take-off and orbit ejection. 

This technology program will introduce fluorine into 
space operations thus opening the door to the ultimate 
performance potential of chenniccil pr<pulsic»i. 
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lA (1) b 


Title; Long-Life Hydrazine Technology 

Objective ; Increase the operational life of roonpropellcint thrusters with 
enphasis on use of the catalyst bed designs for units with 
thrust ranging fron 10^ Ibf to on the order of 100 's of Ibf. 

Description; Through the fundamental understanding of catalyst bed 
stnicture and reactivity, it will be possible to design 
hydrazine thrusters for longer life. Once the understanding 
has been achieved, design of thrusters bounding the thrust 
ranges of interest will ta)ce place. Concurrently with 
design a control thxxister using current technology will be 
tested as a besis for future ocnpcirison. Upon connpletion 
of design and fabrication, testing will occur. The test 
results will be cenpared with the control thruster. 

Justification: Hydrazine thrusters of a wide range of thrust levels will 

cont’nue to find wide-^read use on nearly every planetary 
spacecraft and Itundi vehicle and orbiting vehicle sysLan, 
whenever anall total inpulse and versatility are called 
for. Future planetary eind earth orbiting ajplications 
will require extended operating life. 
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lA ( 1 ) c 


Title ; LONG-LIFL EAPTH STORABI£ BIPROPELIANT TECHNOLOGY 

Ctojective ; Increase the life of earth-storable bipropellant propulsion 
systems and increase the pcrfonnance through the substitu- 
tion of h^>drazine for inxiarnthylhydrazin^ 

Description ; Qrbiter missions to the outer planets will use moderate 
energy biprcpellants if the requirements permit the cost 
effective usage of earth storable bipropellants such as 
N2O4AMI or N2O4/N2H4. This technology will include new 
materials for thrusters, the substitution of haid-seat 
vcilves for the polymeric seat valves, and finally, the 
use of hydrozirki in place of moncmet^lhyclrazine to im- 
prove performance. A system will be fabricated and 
tested to ensure design aciequac:y and demonstrate tecrhnol- 
ogy readiness. New engine concepts such as bimodal engines 
will be investigated. 

Justification; It is reejuired that earth-storable systems be upgraded 
to hatidle the more demanding missions of the future 
each as outer-planet and satellite orbiters, landers, 
cind saitple return missions. Use of N2H4in place of 
presently-used MMH will extend mission duration and 
rehabilil^ by allowing ob b t .oi tankage of the neno- 
propellant N2H4 used in the attitude control system. 
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lA (1) d 


Title : Advanced launcla-Vehicle Engines Using Hi^ Densil^ Fuel and 
Oxidizer Propellants 

(fcjective : Ccxiduct the technology needed to permit the developtnent of 
high perfonnance, high pressure (4000 P ) reuscODle rocket 
engines xising high density fuel and oxiaizer propellants. 

Description : The current state-of-the-art for the high propellant 

density oaibination of liquid oxygen and RP-1 is represented 
by the F-1 engine v4iich c^^erates at about 1000 psi chamber 
pressure and for the high density earth storable conbinations 
by the Agena Engine v^ch operates at about 500 psi chamber 
pressure. The technologies for both of these propellant 
oenbinations nust be advanced considerably and nust be almost 
completely develc^sed for the possibility of using liquid 
oa^en vath the amine fuels or heavy hydroceirbon fuels. 

Promising heavy hydroceurbon fuels that when used with 
liquid oo^cn offer higher density-iitpulse than RP-1 with 
liquid ooq'gen must be surveyed and characterized, heat 
transfer data eind fuel thermal deoenposition data nust 
developed along with regenerative cooling techniques with 
liquid oxygen. Modeling of the combustion process and 
chamber geis (tynamics must be improved to insure that com- 
bustion instability can be avoided and energy release 
efficiency (performance) naximized. An aggressive seeurch 
for high temperature turbine and oonbustor materials must 
be made so that turbine and combustor wall tenperatures 
can be raised and/or cyclic life extended. Composite and 
filament vould tedinology must be developed for conpcxients 
and intcrocxinects so that engine weight can be minimized. 
Engine systan studies are needed to evaluate perfomance, 
engine weight, cooling limits, variations in engine cycle, 
boost pump drive techniques arxl develqpment risk. 

Justification : Stiidies have shewn that use of high perfornance, high 

propellant density engines or dual-fuel engines cperatiivg 
with both high density fuel and liquid hydrogen will en- 
hance launch vehicle performance and may enable single- 
stage-to-orbit launcli vehicles to be realized. In 
addition, these engines cure applicable to future heavy 
lift lax: Tch vehicles and to liquid boosters that could 
replace the solid rocket boosters on the present Space 
Shuttle. 
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Title; Mvanced Launch Vehicle Engines Using Hydrogen cind Oxygen 
Propellants 

Cfcjective ; Iiiprove the technology now being used in the developnent of 
high perfoameinoe, high pressure reusable rocket engines 
using hydrogen and oxygen propellants. 

Description ; The current state-of-the-art for high performance, high 
pressure hydrogen-oxygen engines is represented by the 
Space Shuttle Main Enginer (SEME) new under development. 

In order to uprate this engine and provide for the devel- 
opment of even more eidvanced hydrogen-oxygen engines 
and/or fuel engines operating with hydrogen and heavy 
hydrocarbon fuel, tlie state-of-the-art nust be extended. 

To attain these goals technology is needed to provide 
high temperature resistant turbine and combustor materials 
in order to improve specific impulse aud/ot extend cyclic 
life to provide extendible nozzles to better optimize 
specific impulse to provide long life bearings and seals, 
and to provide oenposite or filament wound oonponents and 
interconnects to reduce engine weight. 

Ju stif ication ; The requirement for high performance, high mass fracticxi, 
reusable stages for the Space Shuttle, and future single- 
stage-to-orbit and heavy lift vehicles has been established 
by numerous studies and analyses. In order to maximize 
payload and ininiinize recurring cost, technology must 
advcince in the areas of specific impulse improvement, 
weight reduction, and extension of cotponent life. 
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Title ; Densification of Cryogens by the Use of Slush or Triple Point Fluids. 

Ctojective ; Generate technology needed to alloir/ for the practical use of 
slush or triple point cryogens. 

Description ; Application trade-off studies vdll be performed to dtJtermine 
the magnitude of payload geiins or vehicle size cmd veight 
reduction obtainable frcro use of densified cryogens. 
Experiments vail be performed in moderate sized har&tiare 
(4-6 ft, diameter) to determine optimum procedures for 
manufacture, storage, transfer, and punping of slush 
and triple point cryogens such LH 2 and ID 2 . 

Justification ; Advanced space vehicles using hydrogen/oo^en propellants 
can benefit from increased propellant density through 
reduction of vehicle size and inproved mass fraction. 

Use of slush or triple point cryogens h£is the potential 
for increasing propellant density by ^praximately 15%. 
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Title ; Tank ilead Idle and Extendible Nozzle for LcM>-to-Moderate Chent>er 
Pressure, Hydrogen<Oxygen Space Engines. 

Objective ; Provide the technology for increasing the perfociianoe of 
Icv-to-inoderate chanber pressure cryogenic space engines. 

Description ; The techrxslogy for low to moderate chanber pressure 
cryogenic engines is, in general, in hand; hCMever, 
effort is needed to demonstrate the veight and perfonnanoe 
of extendible, high area ratio nozzles vM.ch are needed 
to noximize perfconance, axxi minimize stovged engine 
length. In addition, tank head idle mode, a viable 
method of conserving weight and propellant, must be 
demonstrated. 

Justification ; Low to moderate chamber pressure hydrogen-CBcygen 

engines are suitable for future space vehicles such ^t5 
the Space Tug; and because most of the technology is 
alrecdy in hand, represent a low development risk, 
lew development cost approach to satisfying the 
piropulsion needs. 
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Title : High Chamber Pressure H 2 /O 2 Space Engines 

Objective; Develop broad based technology for hi^ perfocmanoe, reusa b le, 
long life cryogenic space engines. 

Description: Develcpnent of technology for eidvanced, high pressure H 2 /O 12 

space engines, including: staged combustion cycle, 20,000 

pound thrust aigine operating at 2000 psia ciianber pressure 
and aerospike 25,000 pound thrust engine operating at 1000 
psia ciianber pressure. 

Justification ; High dh£B«b&r pressure, long life ciryogenic space engines 
provide higher ^secific impulse, lighten: weight, euid 
smaller size, which are advantageous for future space 
vehicles, sudi as space tug. 
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Title ; Staall U '0 Main and Auxiliary Propulffion (APS) 

Objective: Develijr? cechnology for LH 2 /O 2 attitudi :i-^..iol systems 

suitabiti for Space Tug and cryogeiuc iv 1 : propulsion 
systems for apogee kick stages or i-n.. ojry retro stages. 

Description ; Cryogenic APS for vehicles Uf . e Tug requires 25 
pound thrust engines ca^jable of (agh performanoe, long 
life, and rapid start-up. System ccnponents such as 
small cryogenic pumps, accunt>jlators, and refillable 
tanks also are needed. Maiii (propulsion engines of 
300 to 3000 pounds thrust tieed techology viork to 
obtain high performance, lig)it weight and reliability. 

Justification ; Cryogenic auxiliary propulsion systems provide higher 
payload capability through high specific inpulse and 
light weight. Cryogenic APS for Space Tug also pro- 
vides inproved abort capability, and inproved 
logistics since only cryogenic propellants are used 
on tlie veliicle. 
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?itle ; High Perfonnance Space Engines Using HighHDensity Propellants 

Objective ; Develop technology for high performance engines in the 5,000 
to 30,000 pound thrust class for selected high bulk density 
propellants, such as L0X«hydrocarbon fuels, LCX-amine fuels, 
fluorine-hydrogen, or N 204 /M 2 ^ 4 * 

Description ; A{^lication studies will be performed to evaluate various 
high density propellant systems for advanced vehicles and 
select the most premising ones for experimental vork, 
Teedmology vgork vdll include investigation of engine 
oc»ling, oenponent design and perfonnance, engine system 
analysis, and systems testing. Program will include bell 
and plug nozzle engines and dual fuel engines cc^able of 
burning first LOX/RJ-5 (for exatiple) euid ther 

Justification ; lliglier performance systems for high bulk density 
propellants are needed for applications such as 
advanced orbit-to-orbit trcinsfer vehicles, space 
maneuvering, and lunar-missions. 
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Title ; LofcKtost Liquid BoosLer Engines 

Objective ; Provide the technology needed to develop low cost, low-to- 

intermadiate pressure, pressure-fed or punp-fed, large thrust 
engines. 

Description; Large thrust, low-to-inoderate chai.iber pressure (200-1000. Pc) , 
pressure-fed engines have never been built in the United 
States. Moderate pressure punp-fed technology for large thrust 
boosters has not progressed beyond that represented by the 
F-1 Engine. 

The technology needs for the develc^ment of large 
thrust, low-to-moderate ch 2 n>ber pressure, pressure-fed or 
punp-fed booster engines are in the areas of high strength, 
low weight cotposite or filament vgcund materials for thrust 
chairbers, design ard fabrication techniques for their use 
in large engines, techniques for sealing the engine against 
sea water prior to water landing or techniques to clean 
and flush the system if sealing is not feasible. The high 
ajxl low frequency combustion stability characteristics of 
large diameter, low resonant frequency conbustors must be 
examined and appropriate injector element and pattern 
studies undert^en v^iere required. 

Justification ; Lew cost, low-to-moderate chamber pressure engines, 
operating with inesq^ensive liquid prcpellants, could 
have a near term application as a replacement for the 
solid rocket motors on the Space Shuttle, thus reducing 
recurring propellant costs. This booster i^pe could, in 
the far term, be used to au^nent the thrust of large, 
heavi' lift vehicles ard/ac early versions of single-stage- 
to-orbit vehicles. 
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Title ; High Perfonnance Cryogenic Insulation for Reusable Spacecraft 

Objective ; Develop technology for high performance insulation systems 
suitcible for use on reusable spacecraft. 

Description ; Conduct experimental tests of multilayer insulation and 

other types of iiigh performance systems, such as evacuated, 
load becuring insulation systems. Evaluate effects of 
repeated (cyclic) application of typical mission environ- 
ments, including ground hold, launch, on-orbit operation, 
re-entry, and preparation for re-use. 

Justification ; Cryogenic insulation systems are needed that are 

c^)able of providing consistent thermal performance 
and light weight for a Icuge nunber of re-uses. 

Present purged multilayer insulation systems tend 
to degrade in perfomBnce due to repeated pressure 
loading/unloading and due to the effects of atmospheric 
contamination. 
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Title ; Ixisulation for Reusable Hydrogen Tanks for Advanced Boosters 

Objective ; Generate technology for light weight, reusable insulation 
systems for large scale cryogenic tanks for advanced STS 
bo»5sters. 

Description ; Insulation systenis will be tested in relatively large 
scale cryogenic tanks to obtain data on thernal per- 
fonrance of the system and reuseability. Efforts will 
focus on low weight, low cost, ease of repair, and 
resistance to thermal cycling. 

Justification ; Insulation systems are needed for the large scale 
reusable cryogenic tanks for advanced STS boosters, 
such as SSTO's or heavy lift vehicles. The stored 
cryogens must be protected from heat loads during 
ground hold, launch, and flight to low earth orbit 
to prevent excessive propellant boil off. 
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Title : High Teniperature and High Strength-to-Weight-Ratio Materials for 

Prcpjlsion System Conponents (Suhmitted to Materials Technology Group) 

Objective ; Develcp liigher tenperature resistant, loriger cyclic life, 

and lighter weight materials for propulsion system conponents. 

Description : Develop higher tenperature resistant materials for turbine 

blades, stators and housing, and conbistors that vd.ll permit 
higher operating tenperature and/or increased cycle life. 

Develcp technology for light-weight ccrposite or filament 
vound structures that can be used for propellant tanks, 
liiuis, valves, solid rocket motor cases, and liquid rocket 
combustors. Exaitples of ccnposites are Revleu: filament 
and carbon filament in Ccurbon matrix materials. 

Justification ; The technology advances that have been identified for 
liquid and solid rocket engines are dependent in large 
part on the develcpment of materials that will permit 
tiurbines and combustors to operate at higlier temperatures 
or vd.th hig. er cycle lives. Increased turbine tenperature 
leades to increased chamber pressure, area ratio, per- 
formance, and thus payload, by extracting higher specific 
power from the turbine. Increased cycle life reduces 
refurbishment requirements and thus recurring costs. 

Lower ’/eight ccnpaients lead to higher stage nass frac- 
tion and increased payload capability. 
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Title : High PerforriBnoe Structures for large Launch Vehicles 
(sulrnitted to Structures Technology Group) 

Objective ; Develop the technology to provide the very light weight, 
highly-efficient integrated structures needed for the 
lo^-cost heavy lift vehicles. 

Description ; In conjunction with the developnent of new materials 

such as graphite-fiber caipcs.lt/„s and propulsion systems, 
such as engines vAiich can operate as a rocket or make use 
of the atmosphere, develop the technology for the 
techniques to more effectively integrate the holding of 
all of the elements; aerodynamic skin, propellant tanks, 
tlmist elements, cargo bay and propulsic^ engines together. 

Justif ication ; large heavy lift vehicles can provide low cost trans- 
portation, only if the mass fraction is improved. This 
is especially critical to the use of single-stage-to- 
orbit vehicles vrfvere all inert mass is carried to and 
frem earth carbit. Because of the large projected traffic 
to low^«arth orbit, the payoff on the technology invest- 
ment can be significant. 
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Title ; Conxjsite Engines Technology 

Cfcjective i Develop technology for ccrposite (rocket/airbreathing) 
engines for advanced horizontal tcike-off, horizontal 
landing (IIPOHL) shuttle-type vehicles. 

Description ; Conduct vehicle/propulsion system analyses of HICftlL 

fully reusable two-stage-to-orbit shuttle vehicles for 
the post 1990 time period that utilize composite 
engines. Select engine ccncept and perfom technology 
program to bring cotposite engine technology to maturity 
by 1985. 

Justification ; The IITCHL two-stage reusable shuttle vehicle using a 
ccrqposite engine las very lew recurring cost per 
launch and lew gross lift-off weight for a given 
payload capability. 
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Title ; LowHZost Solid Itocket Booster Itotor 

Objective ; Lower cost approaclies to large solid rocket boosters 
so that the next buy of SRB's will cost 50% less, 

Descripticai ; Three areas; filament wound cases, low^ost nozzle 
materials, and low-cost case insulation, have been 
identified as having potential for decreasing the 
cost of SRB's with equal or greater perfonrance, 
and there cure other approaches for decreasing the 
cost. However, these lack a d€!Tonstration and 
data to prove that they could be incorporated into 
the SI^ without program risk. 

Justification ; The three identified areas have had extensive 

technology efforts in the past and the technology 
is ready for use except for demcnstration against 
shuttle SI© requirements which is straight forward 
engineering. Other areas have potential to reduce 
costs if technology is demonstrated. 
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Title ; High Perfontence Solid Kick Motors 

Ctojective ; Danonstrate technology for high perfonnanoe solid propellant 
motors for use in upper stages or kick stages in low cost 
Tug systan. 

Description ; Kick notors do not exist witli more than 1100 kg, of 

propellitnt; Ixwever, a 2000 kg motor or larger will be 
needed ard will be ^velc^jed. New technology needs to 
be developed and demcxistrated in complete, integrated 
flight weight motor hardware to provide cost-effective 
kick stages, 

Exanples of these technologies are; Composite case 
using Kevlar fiber and low density insulation; Nozzle 
and cases using carbcsi fiber-carbon matrix materials 
so that much of the inert case insulation can be elimin- 
ated and propellant placed in the volume that wets 
occupied by the insulation. Thrust vector control 
moveable nozzle systan after selection between Lockseal, 
Techroll-Seal, and Thiovec; Cleiss 2 propellants with 
high performance; Stop-restart system using class 2 
prc^^ellants to provide flexibility for solid rocket 
kick motors, 

Justificatiou ; The current solid motors used by NASA for upper stages 
~ or kick motors were developed during the early 1960 's, 
and the technology in use has not been updatai. The 
maximum kick motor size is 1100 kg, and largex' sizes 
will be needed for Tug, It will be cost effective to 
develop motors using the latest demonstrated technology. 
Future DOD efforts for propellants will all be class 7, 
vMch cannot be carried cai the Shuttle; thus, NASA needs 
a low-cost high performance class 2 parcpellant in high 
performance hardware. 
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Title : High Perfomance Space Solid Motor 

Objective ; Demonstrate the techiK>logy for a 300 kg high performance 
heat sterilizable solid motor. 

Description ; Conduct a demonstration program after increasing the 
performance and stability of the propellant systan 
by increasing the solids loading from 81% to 85% 
to obtain an increase from 280 to 290 sec. The 
design of the motor is to capitalize on grain stress 
relief techniques. To complete the demonstration 
the motor needs to be fabricated, subjected to 
thermal sterilization cycles and static tested. 

Justification ; Heat sterilizable high performance motors larger 

than 70 kg will be needed, the ability to withstand 
the sterilization environment does not follow 
linear scaling laws; thus, the capability most be 
e;q)erimentally danonstrat^. Preliminary analyses 
of a mission such as a Mars Sample Return indicate 
that larger motors are needed and that the mass 
fraction and specific impulse have large potential 
payoffs. 
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Title ; Metastable States of Matter 

Objective ; Determine feasibility of storing and utilizing metastable 
matter as energy sources for propulsion. 

Description ; Currently, the metastable states of matter xinder 

consideration cure metallic hydrogen, excited helium, 
and mixl-'ures of atonic and molecular hydrogen. 
Generally, these concepts are under analysis or 
laboratory investigation. Feasibility or lack of same 
of storing and using these materials in low mass 
systems will be demonstrated by analysis and lab- 
oratory investigation. 

Justification ; The storage of energy in metastable states might 
allow increase in specific iitpulse by a factor 
between 5 and 10 over currently envisioned 
"conventional" chemical propulsion. Payload 
mass fractions for high-energy missiois are very 
sensitive to specific inpulse. This will greatly 
enhance our capability to perform missions to the 
outer regions of the solar system if required 
system mass does not increeise greatly. 
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Title ; Utilization of Indigenous Materials for Propulsion 

Objective ; Provide a broad technology base from vdiich to select 
sdienies and devices for utilizing^ for propulsion, 
the planetary atmospheres, vasto products from 
space activities, and extra- tf;rrestrial surface 
materials. 

Description ; The effort will consist of d<?sign concepti.on, 

ancilysis, eind prelimincury laboratory exploration 
of the value of using indigenous naterials in 
particular propulsion mechanizations. Those 
concepts showing promise when ccnpared to future 
NASA missions will be subjected to test to de- 
termine overall system perfomance potential. 

Seme work has been acocnplished. It has been 
demonstrated that solid waste, such as from a 
spaoelab, can be used in a small hjtoid rocket 
to provide auxiliary propulsion; it would be 
ex^jected that the use of wastes would be the 
first application of this technology. Wfcark is 
also being conducted to determine how to use 
planetary atmospheres, such as the CO 2 
Venus, to provide one ocroponent of a bipropellant 
system. 

Justification ; CXarently all propellant ntss must be brought 
from tlve ecurth with 70 to iseveral thousand 
times that mass being expended to get the 
propellant mass into space. Thus use of 
indigenoufi naterials for propulsion can greatly 
reduce transportation systan nass cind cost for 
missions to distant plcinets and their satellites. 
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Title ; Detonation Propulsicsi 

Ofc jec±ive ; Provide prototype denonstratior of a detonation propulsion system. 

Description ; Propulsion in dense Ixigh-pressure atmospiieres by conventional 
means is difficult because the mass of the chemical reactors 
is a function of the difference between the internal and 
external pressure, vMle the energy ocx:version efficiency 
is a function of the ratio of internal to external pressure 
in the reactor; thus, as atmost^ric pressure incieases the 
required reactor mass increases and efficiency decreeises. 

detonaticm of the propellant in an open reactor the 
chemical reaction takes place at 200 kilo-atmospheres and 
the reaction is nearly independent of the atmospheric pres- 
sure. This approacti provides millisecond pulses of tlirust 
which can be used for altitude control or primary propulsion 
in atmospheres such as Jupiter or other outer planets with 
pressures of 100 to 1000 bars. 

Ihe technology program consists of providing stable 
high energy detonable propellants which can be stored, 
transferred and ignited in tlie reactor; technology devel- 
opment of nozzle reactor chamber refilling techniques, emd 
transfer of the pulsed energy into the payload. Optimum 
reactor design, prototype system design, and prototype 
system demonstration would ccmplete the technology program. 

Justification ; The state-of-the-art technology provides only very heavy 
low-performing systems for precision in very liigh 
pressure environments. Detcxiation propulsion appears to 
date to lie feasible and to yield high performance aixi 
potentially low system mass. 
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Title : Nucleeir Electric Propulsic»i Pcwerplant 

Objective : Demonstrate, in a conplote ground prototype test, a fast- 

spectrtm, light weight, lew cost, nulti-lmndred kWe 
technology for a space nuclecir electric power subsystem 
for primary electric propulsicai. 

Description ; A heat-pipe cooled, fast reactor utilising Trayton, Sterling, 
Rankine or thermionic power conversion, is required for 
the genera tiai of electrical pewer, Tl. ; prime contender 
presently is out-of-core thermionic power conversion. The 
subsystem also includes a neutron shadow shield, a NciK 
coolant manifold and lieat pipe radiator structures, and 
some power processing cind caJjling. 

Justification ; Higli-energy planetary exploration at Jupiter, Saturn 
and the other outer planets is expected to start by 
tlie Bcurly 1990 's, for vAvLch will provide excej>- 
tional capability at low cost. For Icurge payload trans- 
port fran LIX) to geosynchronous orbit or escape velocity, 
NLP will allow a 50% reduction of payload transportation 
cost. For very high velocity treinsport to the outer 
reaches of the Solar System, NEP can reduce transport 
costs by factors of 10 to factors of many hundreds vJien 
oaipared with chemical propulsion. 
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Title : Metallic-Fluid Heat Pipes 

Objective : Acquire the tedmology for production and space application of 
econonical, diurable, effective metallic-fluid heat pipes. 

Description : Metallic-fluid heat pipes have potential to transport 

themal poMer densities up to two orders of magnitude greater 
than those of their amnonia counterparts. Operating tem- 
peratures range fron those of water heat pipes to over 
1,800 K. For exaufile, a lithium heat pipe operating at 1500^'? 
can transport 15,000 w/crr with a 0.1®/cm gradient. However, 
these reactive l:eat-pipe fluids canbined with xow-oonoentra- 
tion tenacious contaminants liJce oxygen, whidi accelerate 
corrosion and solution particularly at high tenperatures, can 
cause serious material problems. Effective, eooncroical prc^ 
cessing must be established to minimize contaminants ard 
maximize lifetimes. Sinple high-performance wick, envelope 
configurations must be developed to red\ice costs, ease fab- 
rication and processing and decrease vxntaminaticn. Special 
application problems such as those of the heat-pipe-cooled 
reactor and of tlie thermionic-converter, heat pipe module 
nust be solved. 

Justification : Ikiclear electric power emd propulsion nust provide for 

missions requiring over 100 kWe beginning in the 1990 's: 
planetary, eeurth-erbit, and nuclear*^aste-disposal pro- 
pulsion and large-space-station ^md lunar-base power. 

Such systems need light-weight thermal-transport capa- 
bilities to handle great power densities at high terpera- 
txjures witl» snail thermal gradients. Metallic-f lui i heat 
pipes can meet these requirements. 
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High-Performance Thermionic Conversiai 

Objective ; Acquire the technology for econcmical, durable, high-efficiency 
thermionic conversion of heat fron various energy sources to 
electric power for use in a wide range of applications. 

Description ; Substantial converter-ccnpcaient gains are now possible because 
out-of-core thermionics allows material and design freedoms 
forJjidden by in-core nucleonics. New configurations to 
eniiance interelectrode ionization should reduce plasma losses 
by about O.G volts. Such arc-drop reductions generally 
involve significant decreases in ceslixn pressure and enable 
severalfold increases in interelectrode spacings. Even with 
nuch lower cesium pressures, premising new anitter 
materials witli lare metal work functions near 2eV should 
yield good emission. And new collector materials should 
result in cesiated work functions of appraximately leV. 

Overall gains of successful integration of these iitproved 
conponents can effect a change of tiiermionic-conversion 
efficiencies from near 10 percent to over 30 percent. 

Justification; Thermionic canversicHi is especially valuable for nuclear 
electric power cuid propulsicxi systans because it 
handles high power densities with high heat-reception 
and rejection temperatures. These characteristics 
and projected conversion-efficiency increases mean 
reasonable s{»oe radiators for nuclear electric power 
and propulsion systans, which generally range above 
the 100 kWe level. But tliermionic converters can 
also accept heat at much low power levels from ciny high- 
temperature energy source like radioisotopes or con- 
centrated solar energy. 
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Title ; High Fewer Electrostatic Thrust Subsystem 

Objective ; Dennnstrate, in a ooqplete ground prototype test, the 

technology for a nulti-hundred kWe electrostatic thrust 
subsystem and its associated propellcint storage and 
distribution subsystera for primary nuclear powered 
electric propulsion. 

Description ; Design and demonstrate 400 kWe merairy bembardnent 

ion thruster subsystem, with 3-axis oontro authority, 
ancillary power processing, switching and logic, and 
thermal control technologies for NBP. Subsystem 
specific mass is presently estimated at 4 kg/kWe, 

The subsystem is to be designed for a Shuttle-launched, 
nulti-missicai MEP spacecraft or reuseible tug. 

Justification ; High-energy planetary eo^loration at Jupiter, Saturn 
and the other outer planets is e^giected to start by 
the early 1990 ’s, for vMch NEP will provide excep- 
tional capabili^- at low cost. For large payload 
transport from I£0 to geosynchronous orbit or 
escape velocity, NEP will allcw a 50% reduction of 
payload transportaticHi cost. For very high velocity 
transport to the outer reaches of the Solar System 
NEP can reduce transport costs by factors of 10 to 
factors of nany hundreds v4ien conpared with chemical 
propulsion. 
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Title ; MPD Thrust Subsystem Technology 

Cfojective t Uanonstrate, in a ccmplete ground prototype test, tlie 

technology for a nulti-hundred kWe MPD are jet subsystan 
and its associated propellant storage and distribution 
subsystem for primary nuclear poMered electric propulsion. 

Description ; A 400 kVfe magnetoplasnadynamic (MPD) thruster utilizing 
eupgon as a propellant, with 3-axis giiriballing and 
auxiliary pcwer processing, switching and logic is 
expected to be an inportant advanced technology for IIEP 
for Earth orbit transfers at exhaust velocity below 30 
knv/s. The subsystem is to be designed for Shuttle- 
launched, nulti-missicMi NEP spacecraft or raisable tug. 

Justification ; Requirements for transport of a multiplicity of 

payloads from IJ20 to many orbit locations and very 
large payloads to geosynchrous orbit and eeirth 
escape can be handled most economically with NEP. 

The MPD arc jet provides a major reduction of mass, 
cost and ccrplexity for these missions. 
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Title ; Solid Core Nuclecir Rocket Technology 

Objective ; As assessment of application to combined high-thrust/low- 
thrudt missions. 

Description ; A direct heating, solid core, nuclear rocket technology 
would provide high thmst upper stage propulsion at a 
hydrogen exhaust velocity approaching 10 km/s. This 
should be assessed in combination with low thrust 
propulsion, as a dual'-mode system or as a separate NEP 
system. 

Justif ication ; This technology, because of its high thrust character- 
istics, perhaps merits re-evaluation in the light of 
otlier technologies more recently being advocated. The 
advantage of re.latively high exhaxist velocity, however, 
^Dpeeurs to be partially offset by the large hydrogen 
tankage requirement. Possible combined high-thnist/ 
low-thrust missions have not yet been studied within 
tlie context of planned STS capabilities. 
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Title; Fluid Core ^^uclear Technology 

Ctojective ; To conplete the experimental characterization and the ccai- 
oeptual design of a high tenperature plasma core nuclear 
rocket system. 

Description ; Large, very high tenperature, fissicaiing plasma cores in 
nuclear reactors have the potential of producing high 
timist-to-irass prcp)ulsion at exliaust velocities up to 50 
km/s. Such systems require the storage and/or recircula- 
ticn of fissicxiable materials outside the reactor, and a 
fairly ccrplete separation of fluid flew between the 
hydrogen propellant and fissioning plasma within the 
reactor. Both the "open cycle" aixl "light bulb" con- 
cepts of the plasma core nuclear rocket require 
evaluation. 

Justification ; Very large, high energy manned missions, such as manned 
planetary expeditions, may be expected semetime beyond 
tlie year 2000. Such missions will require sane con- 
bination of high thrust and high exhaust velocity 
propulsion. It is therefore inportant to carry the 
plasma core nuclear propulsion to validation of con- 
ceptual design in order to allow a good cerparison 
with other systems carred to a higher level of the 
state of the art. Any further need for technology 
advancement can then be assessed. 


I 
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Title ; Nuclear Fusion Propulsion 

Ctojective ; A continuing assessment is needed of high-energy fusion 
researcli as it moves toward experimental demonstration. 

Description ; Two main concepts have been proposed for the use of 
nuclear fusion to generate thrust; micro-explosion 
concepts (laser-triggered) cine, controlled thermtxiuclear 
reactors OTTR) . These concepts represent a future 
of^xirtunity to <±itain much higher energy densities than 
by nuclear fissicsi, and thereby represent a follow-on 
technology of potential iirportance. 

Jus tif ication ; Fusion energy systems represent the first possibility 
for space exploration well beyond our Solcir System. 
Such missions are after the yesu: 2000, but represent 
an inportant aspect of future planning. At this time 
NASA is a technology observer and planner rather than 
an .-ictive participant. 
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Title ; Canbined Radioisotope Thermoelectric/Propulsion Module 

Ctejective ; To integrate the separately develcped technologies of 
radioisotopic thermoelectric generators and propulsion 
to cnliance mission performance. 

Description ; Flew passages and thruster nozzles are incorporated 

in the design of a radioisotepe thermoelectric generator 
so that the propellant is directly heated for specific 
iitpulse improvement. 

Justification ; The radioisotope thermoelectric generator is 

typically applied to deep space missions vrtiere any 
extention of mission life time is of great value. 
Increased performance of the auxilliary propulsion 
system extends useful mission life time cind/or 
capability by conserving prcpellant. 

Sene types of sensors are inccmpatible with 
high energy propellant exhaust products and force 
the use of cold gases having lew specific inpulse. 
Auxillieury heating can more than double the specific 
impulse in these cases. 
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